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Section  I 


INTRODUCTION  AND  SIMMY 


SUM1ARY  OF  CAP-ABILITIES 

Two  main  functions  of  the  loads  module  are  the  development  of  design 
airloads  and  wing  fatigue  spectrum  data  for  fixed  or  variable  sweep-wing 
fighter,  attack,  bomber,  and  transport  vehicle  categories.  Different  general 
arrangements  that  can  be  evaluated  are: 

1.  Conventional  aft  horizontal  tail 

# 

2.  Forward  fuselage -mounted  horizontal  tail  (canard) 

5.  Single  or  twin  vertical  tails 

4.  T-type  vertical  tail 

Component  airloads  and  centers  of  pressure  are  calculated  for  a number 
of  flight  conditions  to  provide  reasonable  expectation  that  the  maximum  air- 
loads are  encompassed.  These  conditions  include  both  flaps -up  and  flaps-down 
cases  as  well  as  critical  maneuver  ar.d  gust  conditions  along  the  vehicle 
speed-altitude  profile.  Limit  airload  shear,  bending  moment,  and  torsion  are 
calculated  at  stations  along  the  load  reference  line  for  each  of  the  lifting 
surfaces.  Airload  shear,  bending  moment,  and  torque  are  combined  with  the 
surface  inertia  loads  to  determine  a critical  design  load  envelope  for  the 
wing,  horizontal  tail,  and  vertical  tail.  Material  properties  at  the  struc- 
ture temperature,  load  factor,  and  weight  of  contents  at  the  specific  condi- 
tion enter  into  the  derivation  of  critical  design  loads  at  each  weight  analy- 
sis station.  Net  fuselage  loads  are  calculated  within  the  fuselage  weight 
estimating  module  which  uses  the  matrix  of  airload  data  generated  within  this 
module. 

Wing  bending  moment  spectra  are  calculated  at  two  wing  stations  for  a 
specified  service  life  and  number  of  landings.  Flight  spectra  are  calculated 
from  specified  blocked  mission  usage  segments  and  load  factor  exceedence 
tables  for  the  different  vehicle  categories.  Spectra  data  is  transmitted  to 
the  fatigue  module  which  calculates  the  wing  allowable  operating  tensile 
stresses. 
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MODULE  STRUCTURE  AND  OPERATION 


This  program  is  written  in  FORTRAN  IV  extended  programming  language  for 
operation  on  the  OX  6600  computer  and  is  structured  in  a single  overlay 
within  50,000  octal  core  locations.  Execution  of  this  module  is  dependent  on 
data  calculated  in  the  data  management  module  and  the  flutter  and  temperature 
module. 

Program  calculation  options  and  output  are  controlled  by  user  specifica- 
tions. Output  consists  of  all  load  calculations  as  well  as  temperature  data 
generated  in  the  flutter  and  tenperature  module. 
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Section  II 


METHODS  AND  FORMULATIONS 
AIRLOAD  COMPUTING  MODULE  FUNCTIONS 


The  objective  of  the  loads  module  is  to  determine  the  design  airloads  on 
the  structural  components  for  use  in  the  structural  weight  estimation  process. 

A second  function  of  this  module  is  the  development  of  wing  bending  moment 
spectra  for  fatigue  evaluation. 

The  methods  used  to  determine  loads  on  the  air  vehicle  structural  components 
are  sensitive  to  vehicle  weight,  center-of-gravity  position,  design  speeds, 
design  limit  maneuver  load  factors,  and  the  configuration  geometry.  The 
geometry  of  the  lifting  surfaces  are  described  in  terms  of  area,  aspect  ratio, 
taper  ratio,  sweep  angle,  and  fuselage  stations  of  the  leading  edges  of  the 
theoretical  root  chords  (Figures  1 and  2).  Body  geometry  is  described  in 
terms  of  body  nose  length,  nose  volume,  maximum  equivalent  radius,  and  the 
fuselage  station  of  the  nose  leading  edge. 

Specific  load  calculating  functions  are  divided  into  separate  routines 
which  are  called  by  the  load  control  program  BLCNTL.  Methods  employed  are 
described  herein  and  are  presented  in  the  order  that  subroutines  USPAN,  RNLDS, 
SPABM,  MAXLDS,  WHVNET,  and  FATMG  are  used. 

Subroutine  USPAN  calculates  the  following  data  for  the  airplane  lifting 
surfaces  for  specific  mach  numbers: 

1.  Unit  airload  shear,  bending  moment,  and  torsional  moment 
distributions 

2.  Centers -of -pressure  locations  for  each  of  the  surface  airloads 

3.  Lift-curve  slopes  for  each  of  the  surfaces 

Subroutine  BNLDS  calculates  the  airplane  component  gross  limit  airloads 
and  their  centers  of  pressure  for  specific  flight  conditions. 

Subroutine  SPABM  calculates  the  limit  airload  shear,  bending  moment,  and 
torsion  at  stations  along  the  load  reference  line  on  each  of  the  lifting  sur- 
faces for  each  of  the  specific  flight  conditions. 

Subroutine  FUSNET  organizes  the  calculated  loads  data  and  stores  it  for 
use  by  the  fuselage  weight  estimating  module. 
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. * Fuselage  station  of  the  theoretical  surface  apex 


Figure  2.  Vertical  tail  lifting  surface  geometry. 
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Subroutine  MAX1DS  determines  the  net  design  loads  envelope  for  each  of 
the  lifting  surfaces. 

Subroutine  WHVNET  organizes  the  design  loads  envelope  data,  calculates 
normalizing  factors,  and  stores  the  data  for  use  by  the  wing  and  empennage 
weight  estimating  module. 

Subroutine  FATMG  calculates  the  wing  bending  moment  spectra  at  two  wing 
stations  for  a specified  service  life  and  number  of  landings,  using  specified 
blocked  usage  segments  and  the  specified  airplane  class. 


BASIC  FLIGHT  CONDITIONS 

The  airloads  on  the  structural  components  are  determined  for  a number  of 
selected  flight  conditions  to  provide  a reasonable  expectation  that  the  maxi- 
mum component  airloads  are  encompassed.  The  speed -altitude  points  and  types 
of  conditions  selected  at  each  point  are  shown  in  Figure  3.  The  types  of 
conditions  which  may  produce  maximum  airloads  on  each  component  are  as 
follows: 


1.  For  the  wing: 

a.  Balanced  maneuvers  at  the  specified  design  limit  positive 
maneuver  load  factor  at  the  specified  basic  flight  design  weight 
at  speed  altitude  points  1,  2,  3,  7,  and  10  (Figure  3). 

b.  Balanced  maneuvers  at  the  specified  design  limit  flaps-down 
maneuver  load  factor  at  the  specified  maximum  design  weight  at 
speed -altitude  point  8 

c.  Balanced  maneuvers  at  the  specified  design  limit  negative 
maneuver  load  factor  at  the  specified  basic  flight  design  weight 
at  speed -altitude  points  4 and  10 

d.  The  positive  and  negative  vertical  gust  conditions  at  the  speci- 
fied basic  flight  design  weight  at  the  speed -altitude  points  4, 
5,  10,  and  11 

2.  For  the  horizontal  tail: 

a.  The  balanced  maneuvers  of  the  foregoing  items  la,  lb,  and  lc 

b.  The  vertical  gust  conditions  of  item  Id 
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c.  The  pitch  acceleration  conditions  at  one-half  the  specified 
design  limit  positive  maneuver  load  factor  at  the  specified 
pitching  acceleration  at  the  basic  flight  design  weight  at  speed- 
altitude  points  1 and  3 

3.  For  the  vertical  tail: 

a.  The  lateral  gust  conditions  at  the  specified  basic  flight  design 
weight  at  speed -altitude  points  4,  5,  10,  and  11 

b.  The  yaw  acceleration  conditions  at  the  specified  yaw  accelera- 
tion at  the  specified  basic  flight  design  weight  at  the  speed- 
altitude  points  1 and  3 

4.  For  the  fuselage: 

a.  The  balance  maneuver  conditions  of  the  foregoing  items  la,  lb, 
and  lc 

b.  The  vertical  gust  conditions  of  item  Id 

c.  The  pitch  acceleration  conditions  of  item  2c 


DETERMINATION  OF  LIFTING  SURFACE  UNIT  AIRLOADS 

The  methods  of  analysis  used  to  develop  the  lifting  surface  unit  airload 
distributions,  the  surface  lift  curve  slopes,  and  the  surface  airload  centers 
of  pressure  are  presented  in  the  following  paragraphs.  The  unit  airloads  are 
defined,  and  the  basic  data  used  for  the  determination  of  the  surface  unit 
airloads  are  also  presented. 

The  unit  airload  shears  and  moments  are  determined  at  13  selected  span- 
wise  n stations  along  the  selected  load  reference  line  including  the  root  and 
tip  stations.  The  unit  airload  shear  and  moments  at  the  surface -body  inter- 
face station  are  determined  in  the  unswept  (body  axes)  system.  The  overall 
centers -of -pressure  locations  of  the  exposed  panel  and  body  carryover  loads 
are  determined  with  respect  to  the  theoretical  surface  apex. 


UNIT  AIRLOAD  SHEAR 

The  unit  airload  shear,  USZ  or  USY,  on  the  surface  at  any  spanwise  sta- 
tion, f) , is  defined  as  the  integral  from  rj  to  1.0  of  the  normalized  spanwise 
loading  parameter,  (C|C/C^C^),  where  total  load  on  the  surface  is  1.0,  i.e., 
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(1) 


,0  / C'C  ' 

( c C~ 

\lav 

and  equals  1.0  at  station  n ■ 0 
UNIT  AIRLOAD  BENDING  MOMENT 


The  unit  airload  bending  moment,  UMX,  at  any  spanwise  station,  n»  is 
defined  as  the  integral  of  the  unit  shear,  USZ  or  USY,  along  the  load  refer- 
ence axis,  i.e. : 


UMXn 


b 

2 cosAR 


usz  dn 


and 


lMXn 


usy  dn 


(2) 


(2a) 


where  A_  is  the  sweep  angle  of  the  load  reference  line. 


UNIT  AIRLOAD  TORSIONAL  MOMENT 

The  unit  airload  torsional  moment,  UMY  or  UMZ,  about  the  surface  load 
reference  line  and  at  any  station,  n*  is  defined  as  the  integral  of  the  prod- 
uct of  the  normalized  spanwise  loading  parameter  times  the  normal  distance 
from  the  load  reference  line  to  the  local  center  of  pressure,  AXa,  i.e.: 
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CONVERSION  TO  DIMENSIONAL  VALUES 


The  unit  airload  shears  and  moments  are  determined  for  a 1.0-pound  gross 
surface  load  at  selected  rj  spanwise  stations.  When  the  gross  surface  limit 
airload  is  known,  the  conversion  to  limit  shears  and  moments  are  determined  as 
follows:  The  n stations  are  percent  of  semispan  stations  and  are  converted  to 
span  stations  in  inches  along  the  load  reference  line.  Then,  the  dimensional 
span  stations  for  the  wing  or  horizontal  tail  is 

- n(b/2)/cosAR  (4) 

and  for  the  vertical  tail  is 

ZA  = nO>)/cosAR  (5) 


The  wing  and  horizontal  tail  limit  airload  shear,  Sz,  the  bending  moment, 
M^a,  and  the  torsional  moment,  MyA,  at  any  span  station YA are  determined  as 
follows  where  Pzs  is  the  wing  or  horizontal  tail  panel  limit  airload: 


«XA 

"ya 


zs  "sz 

(6) 

'zsUMX 

(7) 

zs  m 

(8) 

Similarly  for  the  vertical  tail,  the  limit  shear,  Sy,  bending  moment, 
My^,  and  corsional  moment,  Mza>  at  any  station,  ZA,  are  determined  as  follows 
where  Py<.  is  the  vertical  tail  panel  limit  airload: 


II 

PYS  USY 

(9) 

“*A  ' 

PYS  ^ 

(10) 

"zA  ‘ 

PYS  lJMZ 

(ID 
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The  limit  airload  moments,  My,  and  M2,  in  the  unswept  (body  axes) 
system  at  the  surface-body  interface  station  Ygi  (Figure  1)  or  Zgj  (Figure  2) 


are  as  follows: 

For  the  wing  or  horizontal  tail 

\ ’ ”xa  C0S  AR  * ”ya  S1"  AR  fl2) 

\ * VCOsAR  • MXASinAR  (13) 

and  for  the  vertical  tail 

"x  ■ ^*XA C0S  AR  ‘ NI2ASinAR  (12a) 

M Z - ”ZA  cos  AR  " “XA  Sin  AR  (1&) 


where  the  moment  MyA,  and  M2Aare  the  limit  airload  moments  along  the 
load  reference  line  at  station  YA  B Ygi/cos  or  Za  * ZBI^C0S  AR* 

BASIC  DATA  FOR  UNIT  AIRLOAD  DETERMINATION 
LIFTING  SURFACE  AERODYNAMIC  DATA 

The  unit  airloads  for  the  lifting  surface  is  defined  as  the  shear,  bend- 
ing moment,  and  torsion  versus  span  for  a total  surface  panel  airload  of 
1 pound.  The  total  surface  panel  load  includes  the  carryover  load  on  the 
body.  The  exposed  surface  load  is  the  load  outboard  of  the  body-surface 
interface  station. 

The  unit  airload  distributions  are  developed  using  precalculated  spanwise 
lift  distributions  from  references  1 through  4.  These  data  are  tabulated  and 
stored  in  the  SWEEP  program  data  bank. 

For  subsonic  speeds,  these  data  are  obtained  from  Figures  3 and  4 of 
reference  1 and  consist  of  the  variation  of  the  spanwise  loading  parameter, 

(C £C/ClCav)  1 due  to  angle  of  attack  and  the  lift -curve  slope  parameter, 
(BCio/K),  with  the  compressible  sweep  parameter,  Ag,  for  various  values  of  the 
aspect-ratio  parameter,  (BA/K),  and  taper  ratio,  k . The  lift  distribution  due 
to  wing  flap  deflection  is  obtained  from  Figure  32(c)  of  reference  2 where  the 
spanwise  loading  parameter,  (CjC/CavCl  ),  is  presented  for  various  percent  of 
span  flaps.  These  subsonic  data  are  presented  in  Tables  1,  2,  and  3. 
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TABLE  1.  SUBSONIC  SPAN  LOADING  PARAMETER,  CaC/C,C4„ 

£ L AV 


C£C/CLCAV 


BA/K  A *0°  A -15°  A =30°  A=45°  A =60°  A =75° 

D D D D D D 


..355 

.405 

1.450 

1.480 

1.520 

1.580 

1.610 

1.307 

1.332 

1.346 

1.360 

1.382 

1.400 

1.420 

1.290 

1.291 

1.292 

1.293 
1.296 

1.300 

1.305 

1.267 

1.250 

1.235 

1.215 

1.185 

1.167 

1.140 


1.340 

1.380 

1.405 

1.430 

1.457 

1.493 

1.520 

1.300 

1.302 

1.305 

1.307 

1.310 

1.312 

1.315 

1.280 

1.270 

1.255 

1.240 

1.230 

1.210 

1.200 

1.252 

1.212 

1.180 

1.145 

1.100 

1.067 

1.025 


1.372 

1.387 

1.400 

1.420 

1.435 

1.286 

1.278 

1.267 

1.260 

1.250 

1.232 

1.220 

1.265 

1.240 

1.200 

1.180 

1.150 

1.120 

1.090 

1.225 

1.163 

1.107 

1.060 

1.002 

0.945 

0.892 


.310 

.322 

.340 

1.350 

1.355 

1.360 

1.370 

1.265 

1.240 

1.215 

1.200 

1.180 

1.140 

1.120 

1.242 

1.185 

1.140 

1.100 

1.050 

1.010 

0.950 

1.190 

1.090 

1.010 

0.945 

0.885 

0.81U 

0.745 


.300 
.310 
.312 
.314 
.316 
.318 
.320 

1.232 

1.175 

1.135 

1.100 

1.080 

1.045 

1.005 

1.183 

1.100 

1.030 

0.970 

0.915 

0.860 

0.770 

1.090 

0.960 

0.880 

0.805 

0.740 

0.660 

0.575 


1.301 

1.304 

1.306 

1.308 

1.310 

1.140 

1.070 

1.020 

1.000 

0.970 

0.940 

0.880 

1.035 
0.945 
0.860 
0.785 
0.710 
O.o'  ' 
0.520 

0.890 

0.750 

0.700 

0.610 

0.550 

0.460 

0.350 


21 


TABLE  1.  SUBSONIC  SPAN  LOADING  PARAMETER,  C^C/CjC^  (CONT) 


C<C/CLCAV 


BA/K  Ab-0°  Ab«15°  Ag*30°  Ag-450  AB*60°  Ag-750 


1.175 

1.170 

1.165 

1.152 

1.140 

1.120 

1.112 


1.240 

1.257 

1.270 

1.265 


1.180 

1.180 

1.180 

1.180 

1.180 

1.180 

1.176 


1.180 

1.180 

1.170 

1.165 

1.160 

1.155 

1.140 


1.170 

1.165 

1.160 

1.150 

1.140 

1.120 

1.112 


.200 

.212 

.221 

.232 

1.250 

1.273 

1.265 


1.180 

1.180 

1.180 

1.180 

1.180 

1.180 

1.175 


1.180 

1.175 

1.165 

1.160 

1.155 

1.150 

1.130 


1.170 

1.162 

1.155 

1.145 

1.130 

1.117 

1.098 


.200 

.212 

.225 

.230 

1.245 

1.275 

1.270 


1.180 

1.180 

1.170 

1.170 

1.165 

1.165 

1.160 


1.175 

1.162 

1.150 

1.145 

1.132 

1.120 

1.105 


1.680 

1.155 

1.142 

1.122 

1.105 

1.080 

1.060 


.201 

.215 

.230 

.245 

1.250 

1.290 

1.280 


1.175 

1.175 

1.166 

1.166 

1.155 

1.155 

1.150 


1.165 

1.150 

1.140 

1.120 

1.110 

1.090 

1.070 


1.160 

1.135 

1.110 

1.080 

1.045 

1.010 

0.980 


.210 

.230 

.245 

.260 

1.270 

1.300 

1.295 


1.150 

1.150 

1.135 

1.135 

1.120 

1.120 

1.100 


1.140 

1.112 


1.055 

1.035 

1.005 


1.135 

1.070 

1.020 

0.970 

0.920 

0.890 

0.845 


t 
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TABLE  1.  SUBSONIC  SPAN  LOADING  PARAl'ETER,  C^C/C^y  (CONT) 


n 

X 

BA/K 

V/CLCAV 

O 

O 

II 

CQ 

< 

V15° 

ab=30° 

V45° 

V60° 

V75” 

HH 

0.0 

1.5 

m 

0.862 

0.870 

B 

B 

0.875 

I 

0.0 

2.5 

mm 

0.850 

BESS 

mm 

0.874 

0.0 

3.5 

0.800 

0.825 

0.840 

0.860 

BUS 

0.872 

0.0 

4.5 

0.780 

0.805 

0.830 

0.850 

0.860 

0.870 

0.707 

0.0 

6.0 

0.750 

0.785 

0.810 

0.840 

0.858 

0.868 

0.707 

0.0 

8.0 

0.720 

0.766 

0.800 

0.830 

0.855 

0.867 

0.707 

0.0 

10.0 

0.700 

0.740 

0.775 

0.810 

0.842 

0.865 

0.707 

0.25 

1.5 

0.880 

0.890 

0.900 

0.915 

0.935 

0.970 

0.707 

2.5 

0.875 

0.887 

0.903 

0.920 

0.950 

0.998 

0.7  O'7 

0.25 

3.5 

0.860 

0.884 

0.907 

0.927 

0.960 

1.010 

0.707 

0.25 

4.5 

0.850 

0.880 

0.910 

0.940 

0.990 

1.045 

0.707 

0.25 

6.0 

0.840 

0.876 

0.913 

0.950 

1.000 

1.070 

0.707 

0.25 

8.0 

0.830 

0.873 

0.917 

0.960 

1.015 

1.090 

0.707 

0.25 

10.0 

0.815 

0.870 

0.920 

0.970 

1.030 

1.100 

0.707 

0.50 

1.5 

0.890 

0.900 

0.905 

0.920 

0.955 

1.030 

0.707 

0.50 

2.5 

0.890 

0.900 

0.922 

0.955 

1.005 

1.085 

0.707 

0.50 

3.5 

0.890 

0.910 

0.940 

0.980 

1.030 

1.110 

0.707 

0.50 

4.5 

0.890 

0.920 

0.955 

0.995 

1.055 

1.150 

0.707 

0.50 

6.0 

0.890 

0.930 

0.970 

1.015 

1.085 

1.185 

0.707 

0.50 

8.0 

0.890 

0.935 

0.985 

1.040 

1.110 

1.230 

0.707 

1 ■ 

0.50 

10.0 

0.890 

0.945 

1.000 

1.070 

1.155 

1.260 

0.707 

1.00 

1.5 

0.910 

0.910 

0.920 

0.950 

1.000 

1.130 

0.707 

1.00 

2.5 

0.920 

0.940 

0.970 

1.010 

1.090 

1.215 

0.707 

1.00 

3.5 

0.935 

0.960 

0.995 

1.055 

1 . 130 

1.250 

0.707 

1.00 

4.5 

0.947 

0.985 

1.030 

1.090 

1.165 

1.285 

0.707 

1.00 

6.0 

0.960 

1.005 

1.060 

1.120 

1.200 

1.310 

0.707 

1.00 

8.0 

0.980 

1.030 

1.090 

1.160 

1.250 

1.350 

0.707 

1.C0 

10.0 

0.990 

1.050 

1.115 

1.195 

1.290 

1.400 
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TABLE  1. 


SUBSONIC  SPAN  LOADING  PARAMETER,  CjC/CjC^  (OONCL) 


n 

\ 

BA/K 

c*c/cLcAV 

v°° 

V15° 

•V30° 

V45° 

v60° 

v75° 

0.924 

0.0 

1.5 

0.390 

0.415 

0.420 

0.438 

0.445 

0.420 

0.924 

0.0 

2.5 

0.340 

0.367 

0.390 

0.402 

0.410 

0.400 

0.924 

0.0 

3.5 

0.305 

0.340 

0.367 

0.382 

0.395 

0.390 

0.924 

0.0 

4.5 

0.285 

0.318 

0.347 

0.365 

0.380 

0.380 

0.924 

0.0 

6.0 

0.252 

0.290 

0.320 

0.350 

0.362 

0.360 

0.924 

0.0 

8.0 

0.200 

U.245 

0.288 

0.312 

0.340 

0.340 

0.924 

0.0 

10.0 

0.207 

0.250 

0.292 

0.316 

0.342 

0.350 

0.924 

0.25 

1.5 

0.465 

0.480 

0.485 

0.495 

0.515 

0.600 

0.924 

0.25 

2.5 

0.464 

0.483 

0.495 

0.520 

0.570 

0.660 

0.924 

0.25 

3.5 

0.462 

0.485 

0.500 

0.540 

0.605 

0.730 

0.924 

0.25 

4.5 

0.460 

0.488 

0.510 

0.560 

0.630 

0.750 

0.924 

0.25 

6.0 

0.462 

0.490 

0.530 

0.590 

0.675 

0.800 

0.924 

0.25 

8.0 

0.464 

0.500 

0.550 

0.625 

0.730 

0.885 

0.924 

0.25 

10.0 

0.465 

0.510 

0.565 

0.640 

0.760 

0.935 

0.924 

0.50 

1.5 

0.485 

0.490 

0.495 

0.502 

0.535 

0.650 

0.924 

0.50 

2.5 

0.485 

0.492 

0.510 

0.550 

0.605 

0.710 

0.924 

0.50 

3.5 

0.490 

0.510 

0.545 

0.592 

0.675 

0.820 

0.924 

0.50 

4.5 

0.500 

0.530 

0.570 

0.620 

0.710 

0.870 

0.924 

0.50 

6.0 

0.515 

0.550 

0.600 

0.665 

0.760 

0.910 

0.924 

0.50 

8.0 

0.537 

0.580 

0.640 

0.710 

0.815 

0.924 

0.50 

10.0 

0.550 

0.610 

0.680 

0.760 

0.870 

0.924 

1.00 

1.5 

0.500 

0.500 

0.510 

0.530 

0.570 

0.700 

0.924 

1.00 

2.5 

0.510 

0.520 

0.550 

0.590 

0.660 

0.855 

0.924 

1.00 

3.5 

0.525 

0.553 

0.590 

0.645 

0.745 

0.940 

0.924 

1.00 

4.5 

0.550 

0.580 

0.625 

0.690 

0.800 

0.990 

0.924 

1.00 

6.0 

0.580 

0.620 

0.680  ; 

0.755 

0.875 

1.070 

0.924 

1.00 

8.0 

0.610 

0.665 

0.730  i 

0.825 

0.960 

1.160 

0.924 

1.00 

10.0 

0.642 

0.700 

0.780  : 

0.885 

1.030 

1.270 
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TABLE  2.  SUBSONIC  LIFT  CURVE  SLOPE  PARANCTER,  BC^/K 


\ 

BA/K 

BC^/K,  per  degree 

II 

O 

o 

V15° 

V30° 

V4S° 

V60° 

Ab-7S" 

0.0 

1.5 

1 

0.0348 

1 

0.0225 

0.0 

2.5 

0.0482 

■pEpil 

EBS3; 

0.0231 

0.0 

3.5 

0.0574 

0.0572 

0.0425 

0.0237 

0.0 

4.5 

0.0643 

1 j 

0.0628 

0.0569 

0.0453 

0.0244 

0.0 

6.C 

0.0720 

0.0727 

0.0694 

0.0615 

0.0475 

0.0265 

0.0 

8.0 

0.0787 

0.0788 

0.0745 

0.0645 

0.0493 

0.0272 

0.0 

0.0847 

0.0840 

0.0780 

0.0670 

0.0505 

0.0278 

m 

1.5 

0.0348 

0.0350 

0.0350 

0.0350 

0.0315 

0.0205 

Hi 

2.5 

0.0498 

0.0500 

0.0492 

0.0465 

0.0380 

0.0217 

0.25 

3.5 

0.0600 

0.0605 

0.0585 

0.0527 

0.0420 

0.0229 

0.25 

4.5 

0.0676 

0.0673 

0.0638 

0.0568 

0.0439 

0.0242 

0.25 

6.0 

0.0760 

0.0750 

0.0702 

0.0610 

0.0465 

0.0260 

0.25 

8.0 

0.0828 

0.0810 

0.0750 

0.0647 

0.0490 

0.0268 

0.25 

0.0880 

0.0860 

0.0796 

0.0677 

0.0505 

0.0275 

0.50 

1.5 

0.Q350 

0.0350 

0.0348 

0.0338 

0.0300 

0.0200 

0.50 

2.5 

0.0500 

0.0500 

0.0484 

0.0450 

0.0370 

0.0209 

0.50 

3.5 

0.0598 

0.0570 

0.0510 

0.0400 

0.0219 

0.50 

4.5 

0.0669 

0.0628 

0.0546 

0.0418 

0.0228 

0.50 

• WMM 

0.0760 

0.0740 

0.0680 

0.0585 

0.0440 

0.0236 

. 0.50 

1 Ell: 

0.0830 

0.0800 

0.0725 

0.0615 

0.0450 

0.0242 

0.50 

10.0 

0.0878 

0.0845 

0.0755 

0.0630 

0.0460 

0.0248 

1.00 

1.5 

0.0347 

0.0346 

0.0340 

0.0322 

0.0280 

0.0185 

1.00 

2.5 

0.0485 

0.0480 

0.0458 

0.0415 

0.0340 

0.0192 

1.00 

3.5 

0.0582 

0.0568 

0.0535 

0.0475 

0.0370 

0.0198 

1.00 

4.5 

0.0650 

0.0630 

0.0584 

0.0505 

0.0385 

0.0205 

1.00 

6.0 

0.0730 

0.0702 

0.0645 

0.0545 

0.0405 

0.0215 

1.00 

8.0 

0.0795 

0.0760 

0.0685 

0.0575 

0.0425 

0.0228 

1.00 

10.0 

0.0840 

0.0805 

0.0732 

0.0615 

0.0450 

0.0240 
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TABLE  3.  FLAP  INCREMENTAL  SPAN  LOADING  PARAMETER,  CjC/C^C^ 


Cfi/CLaCAV 

F=0.1 

F=0.2 

F=0.3 

F=0.4 

F*0.5 

F-0.6 

F-0.7 

F=0.8 

F-0.9 

F*1.0 

0.520 

0.788 

0.964 

1.068 

1,120 

1.170 

1.232 

1.240 

1.250 

1.240 

0.410 

0.776 

0.970 

1.052 

1.124 

1.176 

1.240 

1.250 

1.240 

0.216 

0.930 

1.008 

1.108 

1.170 

1.200 

1.220 

1.240 

1.220 

0.164 

0.336 

0.680 

0.920 

1.040 

1.116 

1.115 

1.118 

1.220 

1.208 

0.4 

0.120 

0.252 

0.424 

0.604 

0.948 

1.028 

1.088 

1.120 

1.170 

1.172 

0.5 

0.084 

0.196 

0.308 

0.400 

0.640 

0.912 

1.050 

1.080 

1.092 

0.6 

0.052 

0.220 

0.304 

0.430 

0.586 

0.852 

0.940 

0.980 

1.000 

0.7 

0.040 

0.160 

0.212 

0.300 

0.396 

0.600 

0.800 

0.864 

0.900 

0.8 

0.040 

1 

0.110 

0.150 

0.200 

0.268 

0.350 

0.540 

0.736 

0.768 

0.9 

0.032 

0.052 

0.072 

0.096 

0.120 

0.160 

0.200 

0.280 

0.460 

0.588 

1.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

NOTE 

F = bF/b 

For  the  supersonic  speed  regime,  data  are  obtained  from  Figures  5,  6,  7, 
and  9 of  reference  3 and  Figures  5,6,7,  and  9 of  reference  4 and  consists  of 
the  variation  of  the  spanwise  loading  parameter,  (2r/Vab),  with  the  sweep 
parameter,  Bm,  for  various  values  of  the  aspect-ratio  parameter,  BA,  and  the 
taper  ratio,  A . These  data  are  presented  in  Table  4. 

The  determination  of  carryover  lift  reduction  due  to  body-surface  inter- 
ference is  not  within  the  capability  of  this  program.  However,  the  user  may 
input  estimated  reduction  factors  for  each  of  the  lifting  surfaces.  These 
reduction  factors  are  applied  to  the  spanwise  loading  parameter  inboard  of  the 
body- surface  interface  stati'on. 

Other  needed  parameters  which  are  stored  in  the  SWEEP  program  data  bank 
are  as  follows:  The  variation  of  the  compressible  lift-curve  slope  correction 

factor,  B/K,  is  obtained  using  the  section  lift  curve  slope  variation  with 
mach  number  data  from  Figure  7(b)  of  reference  5,  where 

B/K  = 2rr/C|  (14) 

*0! 

The  resulting  variation  of  B/K  with  mach  number  is  shown  in  Figure  4. 

The  variation  of  the  section  center  of  pressure  for  the  lift  due  to  angle 
of  attack,  (X/C) , is  obtained  from  Figure  22  of  reference  6 and  is  shown  in 
Figure  5. 
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TABLE  4.  SUPERSONIC  SPAN’  LOADING  PARAMETER,  2 1 /Yob  (CONCL) 
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The  variation  of  the  section  center  of  pressure  for  the  lift  due  to  wing 
flap  deflection,  (X/C)p,  is  obtained  from  references  7,  8,  and  9 and  is  shown 
in  Figure  6. 


LIFTING  SURFACE  GEOMETRY 

The  lifting  surface  geometry  used  is  based  on  the  theoretical 
(trapezoidal)  platform  as  shown  in  Figure  1 for  the  wing  or  horizontal  tail. 
Ihe  span  stations  Ypj  and  Y^q  for  the  inboard  and  outboard  ends  of  the  wing 
flap  apply  to  the  wing  only. 

Figure  2 shows  the  vertical  tail  geometry  used  in  the  determination  of 
the  unit  airload  data.  For  the  conventional  (non-T-type)  empennage  with  the 
horizontal  tail  mounted  on  the  body,  the  dimension  Zgj  is  measured  from  the 
2 station  of  horizontal  tail  root  to  the  top  of  the  body.  For  the  T-type 
empennage,  the  dimension  Zgj  is  measured  from  the  center  of  the  body  to  the 
top  of  the  body. 


WING  AND  HORIZONTAL  TAIL  UNIT  AIRLOAD  DISTRIBUTIONS 


The  following  methods  for  the  determination  of  airload  shear  and  moments 
versus  span  and  the  centers  of  pressure  of  the  exposed  panel  and  body  carry- 
over loads  are  applicable  to  the  wing  and  horizontal  tail. 


UNIT  AIRLOAD  SHEAR  DUE  TO  ANGLE  OF  ATTACK,  SUBSONIC 

a/2 


Calculate  B 


(:  - Sf 


(15) 


Calculate  A_  = Arctan 

D 


^ tanA0  25c  ^ 


= Arctan  1 1 [tan  Ae  - x(Ht)]} 


(16) 


Interpolate  the  B/K  versus  M data  bank  data  of  Figure  4 to  obtain  B/K 
for  the  given  Mach  number. 


Calculate  BA/K  = A (B/K) 


(16a) 
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Using  BA/K,  Ab»  and  X,  interpolate  the  subsonic  (CgC/CiCj^y)  data  bank 
data  of  Table  1 to  obtain  (C|C/ClCav)  values  at  the  selected  n stations. 
Carryover  lift  reduction  factor  (K^)  is  obtained  from  the  input  lata  set. 

This  factor  defines  a transition  in  the  spanwise  loading  parameter  at  the  side 
of  body  station  (rjgj).  Should  the  input  value  be  zero,  the  program  default 
assumes  an  undisturbed  spanwise  loading  parameter  (Kco  = 1.0). 

The  normalized  spanwise  loading  parameter  at  the  ij  stations  at  and  out- 
board of  the  side  of  body  is  defined  by  equation  17.  Normalized  spanwise 
loading  parameter  at  and  inboard  of  the  side  of  body  is  defined  by 
equation  17a. 


(17) 


>7=0 


(17a) 
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,„,iEquatlons  17  and  }7a  ‘‘'fin®  two  values  for  the  normalized  spaiwise 
loading  parameter  at  the  side  of  body  station.  Tiiese  values  aroused  as 

oHS  ^ „TStlnS  load.within  “smarts  iimediately  outboard  or  inboard 
is  °f  b°d>'>  r°S’CCtlvely-  77,6  airload  shear  due  to  angle  attack 


USZA  fj  = 


(18) 


to  ob^"8^^8-  and  \’  interP°late  «*W0  data  bank  data  of  Table  2 
o obtain  the  lift-curve  slope  parameter,  (BCiVK)  lift  cnrw  cinm. 

adjusted  for  cany -over  lift  reduction  is  to^calniUtS  by^uaJS'lg. 


57.3  (BCj^K) 
(B/K) 


per  radian 
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UNIT  AIRLOAD  SHEAR  DUE  TO  ANGLE  OF  ATTACK,  SUPERSONIC 


/ t \l/2 

Calculate  B = ( Nf  - 1 ) 

(20) 

Bm  = B cot  Ap 

(21) 

BA  = B • A 

Using  BA,  Bm,  and  A , interpolate  the  (2r/Vab)  data  bank  data  of  Table  4 
to  obtain  the  (2rA'ab)  values  at  the  selected  rj  stations.  Carryover  lift 
reduction  factor  (K  ) is  used  in  the  same  manner  as  for  subsonic  flight. 


Calculate 


Cu/A 


Calculate  C^  = A(C^/A) , per  radian 


(23) 


The  normalized  spanwisc  loading  parameter  at  and  outboard  of  the  side  of 
body  is  defined  by  equation  24  and,  for  rj  stations  at  and  inboard  of  the  side 
of  body,  by  equation  25. 


. -A-  (2£) 

\C,CA,r/  C.  ’ \h;b  / rj 

\ L AV/  rj  La 


(24) 


V 


K 

CO 


(— ) 

’ Vab  / rj 


(25) 
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Calculate  the  unit  airload  shear  due  to  angle  of  attack  as  follows: 


USZArj 


dn 


UNIT  AIRLOAD  SHEAR  DUE  TO  WING  FLAP  DEFLECTION 


Calculate  (bpQ/b)  * Yp q/  Cb/ 2) 


CbFI/b)  = Ypi/(b/2) 


(26) 


(27) 

(28) 


Interpolate  the  (CjC/Ci ^C^y)  data  bank  data  of  Table  3 to  obtain  the 
(CiC/CL^y)  values  at  the  selected  n values  for  the  (bpo/b)  and  (bpj/b)  wing 
flap  snan  ratios. 

Calculate  the  flap  span  normalizing  parameter,  as  follows: 


*?=0 
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nf  ^Th6-!J0rin?1Li2!d  sPanwise  loa^g  Parameter  at  rj  stations  at  and  outboard 

?nh^LS1f  h°tY  1S,  ?6n  defined  ^ equation  30  and,  for  r,  stations  at  and 
inboard  of  the  side  of  body,  by  equation  30a. 


nht.;7^  ^ ftrload  shear*  USZFtj  * due  to  wing  flap  deflection  k then 
obtained  as  follows: 


USZF, 


(m 


drj 


(31) 
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UNIT  AIRLOAD  BENDING  MOMENTS 

The  unit  bending  moments  due  to  angle  of  attach  and  due  to  wing  flap 
deflection  are  obtained  as  follows,  using  equation  2: 


UMXArj 


UMXFn 


b 

2 cosa^ 


b 

2 cos  \j^ 


USZA  dq 


USZF  dry 


(32) 


(33) 


UNIT  AIRLOAD  TORSIONAL  MOMENTS 

The  unit  torsional  moment  about  the  load  reference  line  for  the  lift 
due  to  angle  of  attack  is  determined  as  follows,  using  equation  3: 


(34) 


where 


is  obtained  from  equations  17  or  17a  for  subsonic  speeds 
and  from  equations  24  or  25  for  supersonic  speeds. 


AXAn  is  the  normal  distance  from  the  load  reference  line  to 

the  local  center  of  pressure  at  station  q,  and  is  posi- 
tive when  center  of  pressure  is  aft  of  load  reference 
line. 

AX.  is  determined  as  follows: 

Aq 

when  q >q  BI: 


AXAq  = CAq  1(VCA>CP  • (VW 


(35) 
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where 


[l  -n  (i  - M]  cR  cos  ar 
cAn  ’ l - ka  [i  - (x/c)R  - <xa/ca)r] 


ka  ■ l(frx)  (sinARC0SV 

(VCa’r  • CX/C)R{l  - KA[1  - 0</C)R]} 

<Vca’cp*  W^cpI1  - ka'‘  • WC’cp’} 


(X/C)R  is  the  given  value  of  X/C  for  the  load  reference  line. 

(X/C)^,  is  the  section  center  of  pressure  for  the  lift  due  to 

angle  of  attack,  X/C,  and  is  obtained  by  interpolation  of  the 
(X/C)  versus  mach  number  data  bank  data  of  Figure  5. 

when  r\  > r\  __ : the  center  of  pressure  is  assumed  to  be  at  a constant  fuselage 

station  equal  to  the  center-of -pressure  location  at  the  body  side.  Then, 

AXAn  ' A:\t  * %I  ' ^ (!)  sinAR  (40> 

The  unit  torsional  moment  about  the  load  reference  line  for  the  lift  due 
to  wing  flap  deflection  is  determined  as  follows,  using  equation  3: 


(36) 

(37) 

(38) 

(39) 


IMF 


AXa  drj 


(41) 


where 


is  obtained  from  equations  30  or  30a  andAX^is 
determined  using  equations  35  through  39  except  that 
(X/C)  cp  is  obtained  from  interpolation  of  the  (X/C)p 
versus  (Cp/C^)  data  bank  data  of  Figure  6. 
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GROSS  SURFACE  UNIT  AIRLOADS 


The  values  of  the  unit  shears  and  moments  at  the  surface's  theoretical 
root  station,  0,  corresponds  to  the  total  surface  values  per  side.  The 
values  of  the  unit  shears  and  moments  at  the  side  of  the  body  station, 

1 =TlBI»  corresponds  to  the  exposed  surface  values  per  side.  The  values  for 
the  carry-over  on  the  body  are  equal  to  the  total  surface  values  minus  the 
values  at  the  body  side.  The  symbol  S is  used  for  the  total  surface  values, 
S(B)  is  used  for  the  exposed  surface  values,  and  B(S)  is  used  for  the  carry- 
over values.  The  values  of  unit  loads  and  moments  are  as  follows. 

• For  lift  due  to  angle-of-attack: 

USZAS  = 1.0  * Unit  airload  on  total  surface  per  side.  Equal  to 
USZA  from  equation  18  or  26  for  q = 0. 

USZA(SOB)  = Unit  airload  on  exposed  surface  per  side.  Equal  to 
USZA  from  equation  18  or  26  for  *i  = nRj. 

USZAB(S)  = Unit  carry-over  airload  on  body  per  side 

= 1 - (USZA(SOB))  (42) 

UMXAS  = Unit  airload  bending  moment  at  n = 0.  Equal  to 
UMXA  from  equation  32  for  n * 0. 

UMXAS(B)  = Unit  airload  bending  moment  at  n = hri-  Equal  to 
UMXA  from  equation  32  for  n = HBI* 

UMYAS  - Unit  airload  torsional  moment  per  side  at  q * 0. 

Equal  to  UMYA  from  equation  34  at  q = 0. 

UMYAS(B)  = Unit  airload  torsional  moment  at  n = Hri*  Equal 
to  UMYA  from  equation  34  at  H * 'Igj. 

IJMXA(SOB)  = Exposed  panel  unit  rolling  moment  at  the  side  of 
the  body. 

= (UMXAS (B))  cos  Ar  + (UMYAS (B))  sinAR.  (43) 
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LMYA(SOB)  * Exposed  panel  unit  pitching  moment  (per  side)  at 
the  intersection  of  the  load  reference  line  and 
the  side  of  the  body  station  yBI- 

- (IMYAS(B))  cos  Ar  - (UMXAS(B))  sinAR  (44) 

* For  lift  due  to  wing  flap  deflection: 

USZFS  * 1.0  * Unit  airload  on  total  surface  per  side.  Equal  to 
USZF  from  equation  31  for  n * 0. 

USZF(SOB)  * Unit  airload  on  exposed  surface  per  side.  Equal 
to  USZF  from  equation  31  for  n ■ rjgj. 

USZFB(S)  » Unit  carry-over  airload  on  body  per  side. 

- 1 - (USZF (SOB))  (45) 

UMXFS  * Unit  airload  bending  moment  at  n - 0.  Equal  to 
UMXF  from  equation  33  for  n * 0. 

UMXFS (B)  - Unit  airload  bending  moment  at  n = ngj*  Equal  to 
UMXF  from  equation  33  for  T » nBj. 

UMYFS  - Unit  airload  torsional  moment  at  n*  0.  Equal  to 
UMYF  from  equation  41  for  n*  0. 

UMYFS(B)  * Unit  airload  torsional  moment  at  n = nRj.  Equal  to 
UMYF  from  equation  41  for  1 « n_  . 

dI 

UMXF (SOB)  * Exposed  panel  unit  rolling  moment  at  side  of  the 
body 

- (UMXFS (B))  cos  Ar  ♦ (UMYFS(B))  sin  AR  (46) 

UMYF(SOB)  = Exposed  panel  unit  pitching  moment  (per  side)  at 
the  intersection  of  the  load  reference  line  and 
the  side  of  the  body  station,  yBI- 

= (UMYFS(B))  cos  Ar  - (UMXFS (B))  sin  AR  (47) 

NOTE  For  the  horizontal  tail,  only  the  lift  due  to  angle- of -attack 

data  is  computed. 
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C3»SS  SURFACE  CENTERS  OF  PRESSURE 


The  surface  unit  airload  centers  of  pressure  are  Y_andAX,  where  Y is  the 
normal  distance  outboard  of  the  plane  of  symmetry  and  AX  is  the  distance  aft 
of  the  surface  apex.  Subscripts  S,  S(B),  and  B(S)  denote  total  surface, 
exposed  surface,  and  surface  carry-over,  respectively.  Subscripts  A and  F 
denote  anglc-of-attack  and  flap  effects,  respectively. 

• For  lift  due  to  angle  of  attack: 


AS 


(UMXAS)  cos  Ar  + (UMYAS)  sin  AR 


(48) 


fAS(R)  “ Ybi  + (UMXA(SOB))/  (USZA(SOB)) 


(49) 


AX 


“AS 


CR  - [WAS)  cosAR  - (UMXAS)  sinAR]  (50) 


AX 


AS(B) 


= C, 


©. 


R Vc7  + YBI  tanAR  ' (lJMyA(SOB))/(USZA(SOB))  (51) 


AX 


AB(S) 


[AXas  - AXas(b)  (USZA(SOB))]  [1  - (USZA(SOB))]  (52) 


* For  lift  due  to  wing  flap  deflection: 


Yps  = (UMXFS)  cos  Ar  + (UMYFS)  sin  AR 


(53) 
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Y ■ 

FS(B) 

ybi  * 

(UMXF(SOB))/ (USZF(SOB)) 

(54) 

axfs  * 

| - [(UMYFS)  cosAr  - (LMXFS)  sinAR] 
R L J 

(55) 

A*FS(B) 

| + Yot  tan  A-  - (l)MYF(SOB) )/  (USZF(SOB) ) 
R BI  R 

(56) 

A*FB(S) 

'a*fs 

-axfscb)  CUSZFCSOB))]  -7-  [1  - (USZF(SOB))] 

(57) 

NOTE  For  the  horizontal  tail,  only  the  lift  due  to  angle -of -attack 
centers  of  pressure  are  computed. 


VERTICAL  TAIL  UNIT  AIRLOAD  DISTRIBUTIONS 


Vertical  tail  unit  airload  distributions  are  determined  for  two  basic 
types  of  surfaces: 

1.  The  conventional  (non-T-type)  surface 

2.  The  T-type  vertical  tail  surface 


CONVENTIONAL  CNON-T-TYPE)  VERTICAL  TAIL  UNIT  AIRIjOADS 

The  method  used  to  determine  the  unit  airload  data  is  the  same  as  that 
used  for  the  lift  due  to  angle  of  attack  for  the  wing  or  horizontal  tail, 
except  an  effective  aspect  ratio  is  used  and  the  surface  is  considered  in 
the  X-Z  plane. 

The  effective  aspect  ratio  for  the  surface  is  considered  to  be  twice  the 
geometric  aspect  ratio  (this  arbitrarily  assumes  that  the  horizontal  tail  or 
body  serves  as  a reflection  plane),  i.e.: 

*E  ’ 2AV  ’ 2 (lV/Sv)  t58’ 
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The  unit  airload  shear  at  the  selected  r\  stations  and  the  surface  lift 
curve  slope  are  determined  using  equations  15  through  19  for  the  subsonic 
case  and  equations  20  through  26  for  the  supersonic  case,  with  Ag  used  in 
place  of  A.  The  unit  shear  at  the  selected  n stations  is  then, 


USYVn  = 


(59) 


The  unit  airload  bending  moment  is  determined  at  the  selected  stations 
as  follows: 


UMXVn 


cos  A ^ 


(USYV)  dn 


(60) 


The  unit  airload  torsional  moment  is  determined  at  the  selected  stations 
as  follows: 


UMZVn  = - 


(61) 


where  AX  is  determined  using  equations  34  through  39  and  the  previously 
determined  (C^C/ClCav)  from  equations  17  or  17a  for  subsonic  speed  and  cqua 
tions  24  or  25  for  supersonic  speeds. 


T-TYPE  VERTICAL  TAIL  UNIT  AIRLOADS 

The  methods  used  to  determine  the  unit  airload  data  for  the  T-type  verti- 
cal tail  is  the  same  as  that  used  for  the  conventional  vertical  tail,  except 
that  the  spanwise  loading  parameter  is  arbitrarily  adjusted  to  account  for 
the  end -plate  effect  of  the  horizontal  tail.  This  is  accomplished  by  assum- 
ing that  the  vertical  tail  tip  station  ny  = 1.0  is  at  0.707  of  span  for  the 
precalculated  span  load  data  in  Tables  1 and  4. 
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GROSS  SURFACE  UNIT  AIRLOADS  AND  CENTERS  OF  PRESSURE 

The  value  of  the  unit  shears  and  moments  at  the  surface's  theoretical  root 
station,  n - 0,  corresponds  to  the  total  surface  unit  values.  The  values  at 
the  body  mold- line  station,  n * hBI»  correspond  to  the  exposed  surface  total 
unit  values.  The  symbol  VT  is  used  for  the  total  surface  values,  and  V(B)  is 
used  for  the  exposed  surface  values.  The  value  of  unit  loads  are  as  follows: 

USYVT  * 1.0  ■ Unit  airload  on  total  surface.  Equal  to  the  value  of 
USYV  from  equation  59  at  n * 0. 

USYV(SOB)  * Unit  airload  on  exposed  surface.  Equal  to  the  value 
of  USYV  from  equation  59  at  n = nBI. 

UMXYT  * Unit  airload  bending  moment  at  n = 0.  Equal  to  the 
value  of  UMXV  from  equation  60  at  i = 0. 

UMXV(B)  *=  Unit  airload  bending  moment  at  body  mold  line. 

Equal  to  the  value  of  UMXV  from  equation  60  at 


UMZVT  = Unit  airload  torsional  moment  at  n «=  0.  Equal  to 
the  value  of  UMZV  from  equation  61  at  n * 0. 

UMZV(B)  = Unit  airload  torsional  moment  at  the  body  mold  line. 
Equal  to  the  value  of  UMZV  from  equation  61  at 


UMXV(SOB)  = Exposed  panel  unit  rolling  moment  at  the  body  mold 
line  station  Zgj. 

■=  UMXV(B)  • cos  Ar  + UMZV(B)  • sinAR  (62) 

UMZV(SOB)  * Exposed  panel  unit  yawing  moment  at  the  intersection 
of  the  load  reference  line  and  the  body  mold  line 
station, 

= UMZV(B)  * cos  Ar  - UMXV(B)  * sinAR  (63) 

The  center  of  pressure  of  the  vertical  tail  unit  airload  on  the  total 
surface  is  located  at: 


Vr 

a*vt 


UMXVT  • cos  Ar  + UMZVT  * sinAR 


**  SI  ' 


[UMZVT  • cos  Ar  - UMXVT  * sin  AR] 


(64) 

(65) 
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where  Zyj  is  the  distance  above  the  vertical  tail  theoretical  root  chord,  and 
AXyj,  is  the  distance  aft  of  the  theoretical  apex. 

DETERMINATION  OF  LIMIT  AIRLOADS  ON  COMPONENTS 


The  gross  limit  airloads  on  the  airplane  components  and  airplane  inertia 
factors  are  determined  for  the  following  specific  types  of  flight  conditions: 

1.  Balanced  maneuver  at  positive  limit  load  factor 

2.  Balanced  maneuver  at  negative  limit  load  factor 

3.  Positive  50  fps  vertical  gust  at 

4.  Negative  50  fps  vertical  gust  at 

5.  Lateral  50  fps  gust  at 

6.  Pitching  acceleration  at  0.5  maximtm  positive  limit  load  factor 
at  Ml 

7.  Arbitrary  yawing  acceleration  at  Ml 

8.  Flaps-down  balanced  maneuver  at  maximum  limit  positive  flaps-down 
load  factor  at  Vp 

9.  Flaps-down  1.0  g trim  for  landing  approach  at  1.2  Vg^ 

The  design  limit  load  factors,  pitching  and  yawing  accelerations,  gross 
weights,  center-of-gravity  positions,  speed -altitude  combinations,  and 
geometric  data  are  considered  as  input  data.  (Refer  to  Table  23.) 


BALANCED  MANEUVER  CONDITION 

The  balanced  maneuver  condition  is  a flight  condition  in  which  the 
aircraft  is  trimmed  (balanced)  at  a specific  load  factor.  The  following 
procedures  are  used  to  determine  the  limit  airloads  on  the  wing,  body,  and 
empennage.  The  incremental  airloads  due  to  wing  flap  extension  are  deter- 
mined only  for  the  subsonic  flaps-down  conditions. 

The  wing  lift  is  composed  of  the  lift  due  to  angle  of  attack  and  the 
incremental  lift  due  to  wing  flap  deflection,  i.e.: 

S.W  = S-WA^LF  C66’ 
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The  wing  lift  is  initially  estimated  to  be 


where  nz  is  the  limit  load  factor  specified  for  the  condition. 

The  incremental  wing  lift  due  to  wing  flap  deflection  is  initially 
estimated  to  be: 


where 


AC 


LFO 


(JL. ) 

\ 57.3  / 


(CF  Sf  CLeW 


(68) 


6F 


= flap  deflection  in  degrees 


<cp  * (dCj/d6p)/(dCL/da)  and  is  obtained  by  interpolation  the 

Kqp  versus  Cp/C  data  bank  data  of  Figure  6 which  is 
obtained  from  Figure  21  of  reference  10. 


’Sf 


is  obtained  from  equation  29. 


is  obtained  from  equation  19  or  23. 


The  initially  estimated  wing  lift  due  to  angle  of  attack  is  then 


JLWA0  = CLWO  ' ACLFO 


(69) 


and  angle  of  attack  is  estimated  to  be: 

*0  = CLWAc/CLaW  (70) 


The  initially  estimated  airplane  component  limit  loads  for  a trimmed 
condition  are  then  determined  as  follows. 
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body  nose  load 


■ O’q  2ifR^  q/144  (71) 

= 0.043633  oQ  q (72) 


where  = maximum  nose  radius  (in.).  Equation  71  is  the  same  as  equation  3 
of  reference  11. 

The  exposed  wing  limit  airloads  due  to  angle  of  attack  and  due  to  flap 
deflection  are: 

P:W(B)AO  * fUSZA(SOB5>  CLWA0  q S„  (73) 

PZW(B)F0  = (USZF(SOB))  ACLp0  q (74) 

The  wing  carry-over  limit  airloads  on  the  body  are: 

PZB(W)A0  = fUSZAB(W))  CLWA0  <1  \ (75) 

PZB(W)FO  = niSZFBfW))  ACj^pq  q % (76) 

/ 

where  USZAB(W)  and  USZFB(W)  are  obtained  from  equations  42  and  45. 

The  balancing  horizontal  tail  (or  canard)  limit  airload  is  then, 

PZH0  = f(XCG  ' V PZN0  + fXCG  ' PZW(B)AO 

fXCG  ‘ Xl\’(B)F'*  PZW(B)F0  + fXCG  ' XB(W)A)  PZB(W)A0 
^XCG  ' ^B  (W)  F^  PZB  (W)  FO^  + ' XCG^  ^ 
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•a-  ** 


7 


where 


\ = X0  + lN  ' 2 

ffRN 

\tB1A  = \t:  +AXW(B)A 
XW(B)F  = +AXW(B)F 

"SoslA  = \t.  + VwiA 
^BOVIF  = \t-  + AXB(W)F 
= + A\l 

XQ  = Fuselage  station  at  body  nose,  in. 
t = Nose  length,  in. 


V = Nose  volume,  cu  in. 

= Fuselage  station  of  wing  apex,  in. 

Xjjp  = Fuselage  station  of  horizontal  tail  apex,  in. 

*VrB)A'AW)F>4iW)A'4*BTOF  ^ are  from  e<»uatlon5  51  • 56>  52-  57  - 

and  50,  respectively. 

The  term, 


N *"n 


is  the  distance  aft  of  the  body  nose  to  the  center  of  pressure  of  the  body 
nose  load  and  is  the  same  as  equation  33  of  reference  11. 
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The  total  airplane  normal  airload  for  the  initially  estimated  condition 
is  equal  to  the  sum  cf  the  component  loads 


P ■ V P * P + P + P 

ZAO  L ZO  ZNO  ZW(B)A  ZW(B)F 


+ p + P + p 

ZB(W)A  ZB(W)F  rZH0 


The  final  component  airloads  for  the  balanced  maneuver  condition  are 
then  equal  to  the  initially  estimated  airloads  multiplied  by  the  ratio  of  the 
required  airload,  N2W,  to  the  estimated  total  airload,  P^q. 


PZW(B)F  " KZ  ' PZW(B)FO 


PZW(B)A  = KZ  ‘ PZW(B)AO 


PZB(W)  = KZ  (PZB(W)AO  + PZB(W)F0) 


p 3 

ZH 

K • P 
*7  ZHO 

P„  , - 

K„  • P 

ZN 

Z ZNO 

P = 

ZW(B) 

• 

PZW(B)A  + 

*W(B) 

^ XW(B)A  ' 

Vw) 

^ *B(W)A  * 

Vb)A  ' PZW(B)A  * *W(B)F  ' PZW(B)F 
PZW(B) 

Vw)A  ‘ PZB(W)A  * *B(W)F  * PZB(W)F 
PZB(W)  * 
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(94) 


"(B) 


( 


YB(W)A  ‘ PZW(B)A  * YW(B)F  ‘ PZW(B)F 


ZW(B) 


) 


YW(B)A  ^ YW(B)F 


are  obtained  from  equations  49  and  54 


Y 


H 


(95) 


where  is  from  equation  48 
Q = 0 
R = 0 

Ny  = 0 

NOTE  For  conditions  where  the  wing  flaps  are  not  extended,  6p  = 0,  the  lift 
due  to  wing  flap  deflection  is  zero.  Therefore,  the  flap  deflection 
effects  in  equations  66,  68,  69,  74,  75,  76,  84,  87,  88,  91,  92,  93, 
and  94  are  all  zero. 


PITCHING  ACCELERATION  CONDITION 

The  pitching  acceleration  condition  is  an  arbitrary  condition  where  a 
specified  value  of  pitching  acceleration  is  caused  by  an  incremental  hori- 
zontal tail  load  and  is  superimposed  on  a balanced  maneuver  condition  such 
that  the  resulting  normal  load  factor  is  one-half  the  design  limit  positive 
maneuver  load  factor. 

The  incremental  horizontal  tail  load  required  to  produce  the  specified 
pitching  acceleration,  Q,  is: 

'■  ■ ■ “ & 

where 

2 

1^  = Airplane  pitching  moment  of  inertia,  slug  ft 
is  determined  by  equation  83 
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The  initially  estimated  component  loads  for  the  balanced  maneuver  part 
are  determined  in  a manner  similar  to  equations  67  through  84  except  that 
the  wing  flap  deflection  effects  are  zero. 


nzl  » * *p 

— ~ B N + •— 

2 ZM  W 


ZH 


(97) 


N 


N AP 
ZL  ZH 

ZM  2 ' W 


(98) 


TLWO 


1-1NZMW 


q S, 


W 


(99) 


a0  " CLWO/CL«W 


PZNO  * 0.043633  aQ  q 


PZW(B)0  = (USZA(SOB) ) q Sw 


(100) 

(101) 

(102) 


PZB(W)0  * <USZAB™  CLW  * SW 


(103) 


ZHO 


(XCG  ' V PZNO  + (XCG  " XW(B)A)  PZW(B)0 


(XCG  ' ^(WJA-1  PZB(W)Oj  * ^ ' XCG^ 


(104) 


where  X^,  ^ are  determined  using  equation  78,  79,  81,  and 

83,  respectively. 


P =fP+P  +P  +P1 

ZAO  1 ZNO  ZW(B)0  rZB(W)0  rZHOJ 


(105) 
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The  final  conponent  airloads  for  the  pitching  acceleration  condition 
are  determined  as  follows: 


then, 


nzmw 


Z P. 


PZW(B) 

V • P 
Z ZW(B)0 

(107) 

P = 

ZB(W) 

V ■ P 

Z ZB(W)0 

(108) 

PZH 

KZ  * PZHO  + APZH 

(109) 

PZN 

KZ  ' PZNO 

(110) 

Vb) 

XW(B)A 

dll) 

*B(W) 

VwjA 

(112) 

Y * 

W(B) 

YW(B)A 

(113) 

Y = Y 
H HA 


(114) 


VERTICAL  GUST  CONDITION 


The  vertical  gust  condition  consists  of  a ±50  fps  vertical  gust  encoun- 
ter superimposed  on  a 1.0  g trim  condition. 
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Hie  incremental  component  airload  due  to  a vertical  gust  of  50  fps  is 
determined  as  follows: 


VR  = (295  q)1/2  KEAS 


(115) 


the  airplane  mass  ratio  is, 


2 (W/S|V) 
Pg  CAV  CLtflV 


(116) 


10.1  p C 


(117) 


W Low 


and  the  alleviation  factor  is, 


when  M < 1.0: 


0.88n 

5.3  + * 


(118) 


when  M > 1.0: 


Kg  - 


(119) 


6.95  + K 


the  incremental  angle  of  attack  due  to  gust  is  assumed  to  act  on  the  aircraft 
and  is, 


A»g  = VV,;  = 50/(1.68894  V£) 


(120) 


29.60436  7/V,, 


(121) 
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The  body  nose  incremental  airload  is  determined  using  equation  72  and  is 


APln  - 0.043633  A«g  q 


(122) 


0.0043788  Rjj  V£ 

^VE 

228.37535 


The  exposed  wing  incremental  airload  is 


AP2W(B)  ■ K8  (C^HUSZAtSOB))  q 


• 0.100354  Kg  (C^)  (USZA(SOB)  SK  V£ 


The  wing  carry-over  incremental  airload  on  the  body  is 


5ZB(W)  * 0.100354  Kg  (^(1  - USZA(SOB))  SWVE 


The  incremental  airload  on  the  horizontal  tail  is 


APaf  - 0.100354  Kg  «,  ) SH  V 


The  incremental  airplane  load  factor  is, 


An  = f AP  + AP  + aP  + ap  i — w 
Z '■  ZN  ZW(B)  a*ZB(W)  a*ZHj  * 
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The  airplane  pitching  acceleration  is 


Q = *(XCG  ' V AP1\  + ^XCG  ‘ \(B)A)  APZWCB) 

(XCG  " ^(K)A5  AP:B(K)  + (XCG  ‘ V APZH^  + 12  *Y  (130) 

where  X values  are  from  equations  “’8,  79,  81,  and  83. 

Hie  component  airloads  for  the  1.0  g trim  condition  are  determined  using 
equations  t>t>  through  95,  where  X-  = 1.0  and  the  flap  effects  are  zero. 

Component  airloads  for  the  gust  conditions  are  then  equal  to  the  airloads 
for  the  1.0  g trim  condition  plus  or  minus  the  incremental  gust  airload, 
i.e. : 


p = p ♦ AP 

: :(\_*i.o)  -(gust) 


(1313 


for  positive  vertical  gust  use  ♦ AP.  and  ♦ AN, 
for  negative  vertical  gust  use  - AP_  and  - AN„ 


p=f  * 

P i AP 

:\(x«i.o)  z\ 

(132) 

P t AP 

:k(B)(.w.o)  zk(B) 

(133) 

p:bck) 

P t AP 

:b(K) (n=i.o)  “r:B(w) 

(134) 

p:n  5 

P t AP 

zh(x-i.o)  :h 

(135) 

N.  = 

1.0  t AN. 

(136) 

“ 

Nv  * 

0 

R = 0 
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LATERAL  GUST  CONDITION 


The  lateral  gust  condition  consists  of  a 50  fps  lateral  gust  encounter 
superimposed  on  a 1.0  g trim  condition. 

The  lateral  gust  encounter  is  assumed  to  produce  a side  load  on  the  body 
nose  and  on  the  gross  vertical  tail  area.  These  loads  are  determined  as  fol- 
lows. The  sideslip  angle  due  to  lateral  gust,  Pg,  is  assumed  to  act  on  the 
aircraft  is  determined  using  equation  121 

Pg  « 29.604367/Vg  (137) 

The  side  load  on  the  nose  is  determined  using  equation  123  as  follows: 

- 0.0043788  R^  VE  (138) 

The  side  load  on  the  vertical  tail  is  determined  using  equation  128  with 
Kg  « 1.0,  i.e. : 


0.100354 


(139) 


where  Cypy  is  determined  using  equation  19  for  subsonic  speeds  and  equation  23 
for  supersonic  speeds. 

The  center  of  pressure  of  the  vertical  tail  side  load  is  a*;  follows: 

Zyj,  is  obtained  from  equation  64. 

X,^  = Ve  * AXvr  w*iere aXvT  *s  ^rom  e£luation  6S* 


The  airplane  yawing  acceleration,  R,  is  determined  as  follows: 


R 


^XCG  V PYN  (XCG  ' VP  PYVp  + 12  ll 


(140) 


The  normal  loads  on  wing,  body  and  horizontal  tail,  Pzw(B)*  PZB(W)»  PZN 
and  Pzh  and  their  centers  of  pressure  are  determined  using  equations  66 
through  95  where 


and 


N_  = 1.0  and  6C  * 0 
z F 


ny  - CP™  ♦ Pm)/w 


0*o 


(141) 


YAWING  ACCELERATION  CONDITION 

The  yawing  acceleration  condition  is  an  arbitrary  condition  where  a 
specified  value  of  yawing  acceleration  is  caused  by  a vertical  tail  load  and 
is  superimposed  on  a 1.0  g trim  condition. 

The  vertical  tail  load  required  to  produce  the  specified  yawing  acceler- 
ation, R,  is 


where 

2 

I ^ ■ airplane  yawing  moment  of  inertia,  slug  ft 

Xyr  * Xyg  + w^ere  is  from  equation  65 

% 

The  normal  loads  on  the  wing,  body,  and  horizontal  tail  and  their 
centers  of  pressure  are  determined  using  equations  66  through  95  where 
N^  * 1.0  and  6p  = 0 and 


Ny  - Py^/W  (143) 

Q = 0 
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DETERMINATION  OF  LIFTING  SURFACE  LIMIT  AIRLOAD  SHEARS  AND  MMENTS 

The  following  methods  are  employed  in  the  determination  of  limit  airload 
shears  and  moments  along  the  span  of  the  lifting  surfaces  for  the  specific 
flight  conditions. 

The  surface  unit  shears  and  moments  have  been  determined  such  that  the 
total  panel  load  (including  carry-over  load  on  the  body)  is  equal  to  unity. 
Therefore,  the  unit  shears  can  be  multiplied  by  the  total  limit  panel  airload 
to  obtain  the  limit  airload  shears  and  moments  as  shown  in  equations  6 
through  11. 

WING  LIMIT  AIRLOAD  SHEARS  AND  MDMENTS 

The  total  panel  limit  airload  due  to  angle  of  attack  is 


PZA  * (PZW(B)A  + PZB(W)A5 +2  (144) 

and  the  total  panel  airload  due  to  flap  deflection  is 

PZF  * (PZW(B)F  + PZB(W)F)  + 2 (145^ 

Then  at  the  selection  span  stations  for  weight  analysis 

Ya  * 1 (b^/2)/cosAR  » Y/cosAR  (146)  • 

SZ  * PZA  (USZA)  + PZF  (USZF)  (147) 

MXa  - (UMXA)  ♦ Pzp  (UMXF)  (148) 

MyA  * (UMYA)  ♦ Pzp  (UMYF)  (149) 
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The  shear  and  moments  at  the  side  of  the  body  station  Y . are 

BI 

SZ(SOB)  " PZA  (USZAfS08))  + PZF  (USZF(SOB))  (150) 

^(soB)  * PZA  CUMXACSOS))  + P zp  (UMXF(SOB))  (151) 

My  (SOB)  “ PZA  ^f508))  + PZF  C^FCSOB))  (152) 

HORIZONTAL  TAIL  (OR  CANARD)  LIMIT  AIRLOAD  SHEARS  AND  MOMENTS 
The  total  panel  airload  is, 

Pz  * 1.15  (Pzh/2)  (153) 


the  selected  stations  for  weight  analysis. 

ya 

= n (bH/2)/cosAR  - Y/cosar 

(154) 

sz 

- Pz  (USZA) 

(155) 

”xA 

» Pz  (UMXA) 

(156) 

“ya 

- Pz  (UMYA) 

(157) 

SZ(SOB) 

= Pz  (USZA(SuB)) 

(158) 

^(SOB) 

« Pz  (UMXA(SOB)) 

(159) 

*V(SQB) 

- Pz  (UMYA(SOB)) 

(160) 
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VERTICAL  TAIL  LIMIT  AIRLOAD  SHEARS  AND  M3ENTS 


Conventional  Vertical  Tail 


The  conventional  vertical  tail  is  a vertical  tail  where  the  horizontal 
tail  is  mounted  at  or  below  the  exposed  vertical  root  and  can  he  single  or 
dual  surfaces. 

The  total  panel  airload  is 


PY  * \ PYVT 

where 


and 


■V 


1.0  for  a single  vertical  tail  configuration 


(161) 


Ky  * 0.55  for  a dual  vertical  tail  configuration.  (This  assumes 
a 55  to  45  percent  load  division  between  the  left-  and 
right-hand  surfaces.) 


Then  at  selected  stations  for  weight  analysis, 


ZA  " 

n (by) /cos  Ar  - Zy/cos  Ar 

(162) 

SY  * 

PY  (USYV) 

(163) 

> 

u 

Py  (UMXV) 

(164) 

u 

< 

Py  (UMZV) 

(165) 

VsOB) 

Py  (IMXV(SOB)) 

(166) 

MZ(S0B) 

Py  (UMZV(SOB)) 

(167) 
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T-Type  Vertical  Tail 


,hA  J? ^ ^ °f  3 vertical  tail»  311  incremental  rolling  moment  from 

the  horizontal  ^1  is  introduced  at  vertical  station  of  the  vertical  tail/ 
horizontal  tail  interface  in  a direction  which  will  add  to  the  vertical  tail 
bending  moment.  The  rolling  moment  is  obtained  in  accordance  with  para- 

SSf  L 0f,r?ferT?Ce  12  3,1(1  is  t0  30  P^cent  of  the  horizontal  tail 

panel  (one  side)  rolling  moment,  i.e.: 


(168) 


where  is  obtained  from  equation  159. 

The  incremental  bending  moment  and  torsion  along  the  vertical  tail  load 
reference  line  introduced  by  this  incremental  rolling  moment  are  then 


nA  ■ amxh  cos  ar 

(169) 

amza  ‘ AMXH  Sln  ar 

(170) 

Lef  Z^i  be  the  vertical  distance  from  the  vertical  tail 
horizontal  tail  root  and 

root  to  the 

nVH  * ZVH/bV 

(171) 

Then  at  the  stations  selected  for  weight  analysis 

ZA  c n(by)/cosAR 

(172) 

and  when  T > 

P = P 
Y PYVT 

(173) 

SY  - Py  (USYV) 

(174) 
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“xa  " PY 

(UMXV) 

(175) 

MZA  • PY 

(UMZV) 

(176) 

and  when  n > 

PY  * 

p 

YVT 

(177) 

SY  " 

Py  (USYV) 

(178) 

«XA  * 

Py  (UMXV)  +AM)(a 

(179) 

«ZA  * 

Py  (UMZV)  *AMza 

(180) 

/— ■N 

I 

N 

Py  (UMXV(SOB))  +AM)(A 

(181) 

M * 

Z(SOB) 

Py  (UMZV(SOB) ) 

(182) 

DETERMINATION  OF  LIFTING  SURFACE  DESIGN  LOADS 


Hie  wing  and  empennage  weight  estimating  module  is  structured  to  combine 
airloads  with  inertia  effects  to  obtain  net  surface  loads.  However,  the 
module  is  limited  to  the  evaluation  of  airloads  at  one  specific  design  tem- 
perature, one  surface  dead  weight  distribution,  and  one  positive  and  one  neg- 
ative load  factor  condition.  This  approach  is  not  consistent  with  the 
capabilities  of  the  airloads  module  which  investigates  conditions  for  which 
the  foregoing  design  parameters  may  have  multiple  values  along  the  structural 
span.  Furthermore,  since  inertia  forces  do  not  always  act  in  opposition  to 
the  lifting  forces,  errors  may  be  introduced  in  the  net  loads  calculations. 
Consistency  between  the  airloads  module  and  the  weight  estimating  module  is 
maintained  by  deriving  normalizing  factors  defining  the  loads  envelope  to  a 
given  reference  base. 

Subroutine  MAXLDS  examines  airloads  from  each  of  the  load  conditions  to 
determine  the  net  design  positive  and  negative  shear  and  bending  moment  con- 
ditions. Subroutine  WHVNET  calculates  the  normalizing  factors  and  organizes 
the  data  for  storage  in  the  program  file  records.  Normalizing  factors  are 
formulated  by  using  the  following  reference  base. 
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1.  Reference  temperature  (To)  - structure  temperature  at  the  condition 
which  results  in  design  net  positive  bending  moment  at  the  root 
weight  analysis  station 

2.  Reference  positive  load  factor  (POSNZ)  - maximum  positive  vehicle 
maneuver  load  factor 

3.  Reference  negative  load  factor  (XNECJJZ)  - maximum  negative  vehicle 
maneuver  load  factor 

4.  Reference  vehicle  weight  (DGW)  - vehicle  weight  and  associated  mass 
distribution  at  the  basic  flight  design  weight  (BFDW)  with  wings  in 
the  forward  position  on  variable  sweep  wing  air  vehicles. 

Material  allowables  vary  with  structure  temperature  such  that  maximum 
net  loads  are  not  necessarily  the  design  loads.  The  ratio  of  material  com- 
pression yield  strength  at  room  temperature  (Fcyso)  to  compression  yield 
strength  (Fey)  at  the  design  condition  is  applied  to  the  calculated  loads. 
Loads  scaled  in  this  manner  are  then  on  a conmon  base  which  provides  a 
rational  means  for  determining  the  design  loads  envelope.  Furthermore,  in 
order  to  minimize  inaccuracies  due  to  normalizing  loads  for  temperature 
effects,  the  reference  temperature  selection  is  predicated  on  the  condition 
which  results  in  design  net  positive  bending  moment  at  the  root  weight  analy- 
sis station.  This  selection  minimizes  the  effect  of  the  temperature  normal- 
izing scalar  (RS)  on  the  net  design  bending  moment  which  is  the  most 
significant  strength  sizing  (weight)  parameter  on  lifting  surfaces. 


NET  LOADS 

Surface  net  loads  are  calculated  for  each  of  the  structural  components 
at  each  of  the  load  conditions.  These  calculations  differ  slightly  for  each 
of  the  lifting  surfaces. 


Wing  Net  Loads 

Wing  and  content  distributed  weight  effects  are  provided  to  this  module 
through  the  mass  storage  files.  These  effects  are  in  terms  of  inertia  shear 
and  bending  moment  per  unit  positive  load  factor.  Net  shear  and  bending 
moment  at  the  selected  span  stations  for  weight  analysis  are  calculated  by 
combining  the  airload  and  inertia  effects  in  equations  183  and  184. 


sz  ■ NZ  IUSZ(W)  * USZCC))  (183) 


SZ (NET) 


^(NET) 


^ ‘ NZ  ^UMXA(W)  + lWXA(C)^ 


(184) 


where 


S„ 

L 


N„ 


shear  due  to  airload 

vehicle  vertical  load  factor 

shear  per  unit  load  factor  due  to  wing  weight 

shear  per  unit  load  factor  due  to  wing  contents 

swept  bending  moment  due  to  airload 


^W) 


swept  bending  moment  per  unit  load  factor  due  to 
wing  weight 


swept  bending  moment  per  unit  load  factor  due  to 
wing  contents 


Since  structure  temperature  is  a variable,  the  material  compression  strength 
ratio  is  applied  to  the  calculated  net  loads  to  obtain  a common  base  for  the 
selection  of  design  loads. 


(185) 


(186) 


Conditions  which  produce  maximum  net  positive  and  negative  shear  and  bending 
moment  are  made  from  comparative  tests  of  equations  185  and  186.  The  shear 
and  moment  equations  can  then  be  normalized  to  a common  reference  temperature. 


(187) 
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(188) 


^ * MXA(NET) 


/W/ivR_\ 

V FCY  / V FCY80  / 


^XA(NET) 


where 

FCYR  = mater^a^  compression  yield  stress  at  the  reference 
temperature 

In  order  to  provide  the  loads  data  in  a form  acceptable  to  the  weight  esti- 
mating module,  additional  factors  are  determined  to  account  for  load  factor 
and  content  inertia  effect  variations.  The  normalized  shear  and  bending 
moment  take  the  form  shown  in  equations  189  and  190. 


sz  ■ { sz  • wzs  nzr  tus 


Z(W)  * Rt's  USZ(CR)J} 


RSr 


(189) 


where 


■ {^A  • NZR  (mXA(W)  * S KM 


NZR  = POSNZ  when  S2  *s  Positive  in  equation  189 
= XNEG'IZ  when  is  negative  in  equation  189 


RNZ 


s = N^/N^r*  load  factor  ratio  at  design  shear 


US 


Z(CR) 


RC, 


RS, 


N 


shear  per  unit  load  factor  due  to  wing  contents 
at  the  reference  vehicle  weight 


'S  * ^Z(C)^SZ(CR)  ’ content  ratio  at  design  shear 
FCw/FCY*  strength  ratio  at  design  shear 


= POSNZ  when  is  positive  in  equation  190 
* XNEGNZ  when  is  negative  in  equation  190 
"S  ■ ^Z^ZR*  *oa£*  ^act°r  ratio  at  design  bending 


(190) 


s Mite 
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lWXA(CR) 


swept  bending  moment  per  unit  load  factor  due  to  wing 
contents  at  the  reference  vehicle  weight 


UMXA(C)//lJMXA(CR)  * content  ratio  at  desigh  bending 


RS  * F_,D/R_.,  strength  ratio  at  design  bending 

M LY  K Li 


The  foregoing  approach  accounts  for  the  evaluation  of  all  flight  condi- 
tions. Net  wing  shear  and  bending  moment  for  the  taxi  condition  is  also 
examined  to  determine  whether  taxi  design  loads  are  critical.  Should  taxi  be 
critical,  the  net  shear  and  moment  are  substituted  as  hypothetical  airloads 
with  the  corresponding  load  factor  ratios  (RNZs  and  RNZjvj)  set  to  0.0. 


Horizontal  Tail  Net  Loads 


Horizontal  tail  net  design  loads  are  calculated  from  equations  183  and 
184.  Since  the  tail  is  offset  from  the  vehicle  center  of  gravity,  the  local 
acceleration  is  used  in  the  net  loads  equations.  The  local  vertical  accelera- 
tion at  the  tail  is  calculated  by  equation  191. 


N . N * (XC(W  - *CG> 
ZHT  nZ  12  g 

where 


(191) 


N^  = vehicle  vertical  load  factor 

. 2 
Q = pitching  acceleration,  radians/sec 

XCG^  = CG  of  the  horizontal  tail  and  contents  which  is  estimated 
by  adding  two -thirds  of  the  root  chord  to  the  apex  station 
of  the  horizontal  tail,  in. 


XCG 

g 


vehicie  CG,  in. 

2 

acceleration  of  gravity,  ft/sec 


Horizontal  tail  contents  do  not  vary  with  the  different  design  conditions 
and,  therefore,  the  content  ratios  RCg  and  RQ^  are  always  equal  to  1.0. 

Horizontal  tail  airloads  are  reversed  when  the  net  negative  bending 
moment  at  the  root  weight  analysis  station  is  greater  than  the  net  positive 
bending  moment.  (The  weight  estimating  module  assumes  that  the  positive 
loads  are  larger  than  the  negative  loads.)  When  the  loads  are  reversed,  an 
indicator  is  placed  in  XMISC(42).  When  this  indicator  is  not  0,  the  refer- 
ence positive  and  negative  load  factors  are  reversed  in  the  weight  estimating 
module  calculations. 
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Vertical  Tail  Net  Loads 

Inertia  and  airloads  that  affect  the  vertical  tail  act  in  the  lateral 
direction.  The  local  acceleration  at  the  tail  is  calculated  by  equation  192. 


nyvt 


R (XCGyr  - xCG) 
12  g 


(192) 


where 

Ny  = vehicle  lateral  load  factor 

R * yawing  acceleration,  radians/sec 

XCCyj,  * CG  of  the  vertical  tail  and  contents  which  is  estimated 

by  adding  two -thirds  of  the  root  chord  to  the  apex 
station  of  the  vertical  tail,  in. 

XCG  * vehicle  CG,  in. 

The  net  design  shear  and  moment  calculations  take  the  form  shown  in 
equations  193  and  194  which  are  similar  to  the  wing  net  load  equations 


®V  - { SY  • Wzs  N2R  fUSY(V)  * “W}  *5 

<'xA  ’ { «XA  - "S.  NZR  <"W)  * “XMC)5} 


where 


= POSNZ  for  all  conditions 

RNZS  * ^YVT^^ZR’  *oac*  factor  ratio  at  design  shear 

RNZ^  = NYVT/NZR’  ^°ac^  ^actor  ratl°  at  design  bending 

Vertical  tail  contents  RCs  .and  RCjq  are  always  equal  to  1.0  since 
contents  do  not  vary  with  the  different  design  conditions. 


(193) 


(194) 


».i  Juwi.  .if  KluMt*.. 
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DETERMINATION  OF  WING  BENDING  MJMENT  SPECTRA 


A simplified  approach  is  used  to  estimate  the  wing  bending  moment  spectra 
at  two  stations  on  the  wing.  It  is  assumed  that  the  total  wing  airload  per 
side  (including  the  carry-over  load  on  the  body)  is  equal  to  one-half  the 
product  of  the  load  factor,  n,  times  the  airplane  weight,  W.  Then,  for  a 
given  flight  segment  where  the  mach  lumber,  altitude,  and  weight  are  constant, 
the  wing  load  and  the  bending  moment  are  proportional  to  the  load  factor.  A 
gust  and  a maneuver  bending  moment  spectrum  are  developed  for  each  flight 
segment  based  on  the  gust  and  the  maneuver  load  factor  spectra. 


BLOCKED  USAGE  FLIGHT  SEGMENTS 

The  blocked  usage  segments  represent  the  operational  flight  usage  of  the 
aircraft  for  the  specified  service  life.  Each  segment  represents  time  spent 
under  a type  of  operation  at  a fixed  mach  number,  altitude,  wing  sweep  posi- 
tion, and  airplane  weight.  Eight  flight  segments  for  each  class  of  airplane 
have  been  selected  to  represent  the  service  life  usage. 

Typical  blocked  usage  segments  have  been  estimated  for  the  fighter, 
attack,  bomber-BI,  bomber-BII,  cargo-assault,  and  cargo -transport  airplane 
classes.  These  data  are  presented  in  Tables  5 through  10,  and  are  contained 
in  the  SWEEP  computer  program  data  bank.  It  should  be  noted  that  these 
blocked  usage  segments  are  strictly  an  estimate,  and  it  is  suggested  that  the 
user  replace  these  data  if  more  realistic  data  are  available  for  a specific 
airplane.  In  Tables  5 through  10,  W is  the  average  takeoff  weight  and  TL  is 
the  specified  service  life  in  flight°hours . 


TABLE  5.  TYPICAL  BLOCKED  USAGE  SEGMENTS  FOR  FIGHTER  CLASS 


Blocked 

Usage 

Segment 

Avg 

Mach 

No. 

Avg 

Altitude 

(ft) 

Wing 

Sweep 

Position 

Weight 

Fraction 

w/w0 

Life 

Fraction 

t/tl 

Ascent 

0.70 

■ ' 

Fixed 

1.00 

mm 

Cruise 

0.70 

Fixed 

0.95 

Cruise 

2.00 

. 00, 

Fixed 

0.80 

: na  ! 

Cruise 

0.90 

25,000 

Fixed 

0.80 

! wm  i 

Cruise 

0.85 

0 

Fixed 

0.80 

i BUH 

Air- ground 

0.80 

0 

Fixed 

0.80 

0.10 

Air-Air 

0.80 

10,000 

Fixed 

0.75 

0.05 

Loiter/ 

Descent 

0.60 

10,000 

Fixed 

0.70 

0.18 
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TABLE  6.  TYPICAL  BLOCKED  USAGE  SEGMENTS  FOR  ATTACK  CLASS 


Blocked 

Usage 

Segment 

Avg 

Mach 

No. 

Avg 

Altitude 

(ft) 

Wing 

Sweep 

Position 

Weight 

Fraction 

W/K0 

Life 

Fraction 

T/Tl 

Ascent 

0.70 

15,000 

Fixed 

1.00 

0.08 

Cnjise 

0.70 

10,000 

Fixed 

0.95 

0.25 

Cruise 

0.85 

40,000 

Fixed 

0.80 

0.20 

Cruise 

0.80 

0 

Fixed 

0.80 

0.12 

Air-air 

0.95 

10,000 

Fixed 

0.75 

0.05 

Air -Ground 

0.80 

0 

Fixed 

0.80 

0.12 

Descent 

0.60 

15,000 

Fixed 

0.70 

0.08 

Loiter 

0.60 

10,000 

Fixed 

0.70 

0.10 

TABLE  7.  TYPICAL  BLOCKED  USAGE  SEGMENTS  FOR  BI  CLASS 


Blocked 

Usage 

Segment 

Avg 

Mach 

No. 

Avg 

Altitude 

(ft) 

Wing 

Sweep 

Position 

Weight 

Fraction 

w/w0 

Life 

Fraction 

t/tl 

Ascent 

0.70 

15,000 

Fixed 

1.00 

0.08 

Cruise 

0.70 

10,000 

Fixed 

0.95 

0.20 

Cruise 

0.85 

40,000 

Fixed 

0.80 

0.25 

Cruise 

0.70 

0 

Fixed 

0.80 

0.12 

Cruise 

0.75 

5,000 

Fixed 

0.75 

0.05 

Cruise 

0.60 

0 

Fixed 

0.80 

0.12 

Descent 

0.60 

15,000 

Fixed 

0.70 

0.08 

Loiter 

0.60 

10,000 

Fixed 

0.70 

0.10 

TABLE  8.  TYPICAL  BLOCKED  USAGE  SEGMENTS  FOR  BII  CLASS 


Blocked 

Usage 

Segment 

Avg 

Mach 

No. 

Avg 

Altitude 

(ft) 

Wing 

Sweep 

Position 

Weight 

Fraction 

w/w0 

Life 

Fraction 

t/tl 

Ascent 

0.355 

0 

Fixed 

1.0 

0.104 

Cruise 

0.70 

30,000 

Fixed 

0.8611 

0.0654 

Cruise 

0.70 

30,000 

Fixed 

0.8611 

0.6199 

Refuel 

0.70 

25,000 

Fixed 

1.0833 

0.0407 

Cruise 

2.20 

50,000 

Fixed 

0.6944 

0.0269 

Penetrate 

0.85 

0 

Fixed 

0.8611 

0.1081 

Penetrate 

0.95 

0 

Fixed 

0.6944 

0.0232 

Penetrate 

0.55 

0 

Fixed 

0.75 

0.0118 
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TABLE  9.  TYPICAL  BLOCKED  USAGE  SEQCNTS  FOR  CARGO  ASSAULT  CLASS 


Blocked 

Avg 

Avg 

Wing 

Weight 

Life 

Usage 

Mach 

Altitude 

Sweep 

Fraction 

Fraction 

Segment 

No. 

(ft) 

Position 

W/W 

0 

T/Tl 

Ascent/ 

■■ 

Descent 

0.60 

Fixed 

0.2185 

Ascent 

0.60 

. SB  ; 

Fixed 

in 

0.0044 

Ascent/ 

Descent 

0.40 

Fixed 

0.0332 

Cruise 

0.75 

40,000 

Fixed 

ns 

0.3341 

Cruise 

0.75 

Fixed 

BE 9 

0.0255 

Cruise 

0.65 

1 -SB 

Fixed 

0.94 

0.0354 

Cruise 

0.47 

Fixed 

0.91 

0.0135 

Cruise 

0.456 

i BE  r.  * 

Fixed 

0.91 

0.3354 

TABLE  10. 

TYPICAL  BLOCKED  USAGE  SEGMENTS  FOR  CARGO  TRANSPORT  CLASS 

Blocked 

Avg 

Avg 

Wing 

Weight 

Life 

Usage 

Mach 

Altitude 

Sweep 

Fraction 

Fraction 

Segment 

No. 

(ft) 

Position 

w/w„ 

T/Tl 

Ascent 

0.50 

20,000 

Fixed 

1.00 

0.05 

Ascent/ 

Descent 

mam- 

Fixed 

■ 

Cruise 

*96*  f; 

Fixed 

■SSH 

Eta 

Cruise 

11 9; 

■ 96  * 

Fixed 

or* 

Cruise 

25,000 

Fixed 

0.80 

pa 

Cruise 

0.70 

15,000 

Fixed 

0.70 

Cruise 

0.65 

Fixed 

0.70 

BBS 

Cruise 

0.55 

1 1.000 

Fixed 

0.70 

MANEUVER  LOAD  FACTOR  SPECTRA 

Maneuver  load  factor  spectra  for  each  airplane  class  are  presented  in 
Tables  11  through  15.  The  number  of  exceedances  of  given  load  factor  levels 
per  1,000  flight  hours  are  shown  for  each  type  usage  segment.  These  data  are 
based  on  the  load  factor  spectra  of  references  13  or  14. 

The  spectra  for  the  fighter  and  attack  classes  (Table  11)  correspond  to 
Table  III  of  reference  13,  except  that  the  ascent  cruise,  descent,  and  loiter 
spectra  have  been  consolidated  into  one  representative  spectrum  and  a repre- 
sentative supersonic  air-to-air  combat  spectrun  has  been  added. 
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TABLE  11.  MANEUVER  LOAD  FACTOR  SPECTRA  FOR  FIGHTER  OR  ATTACK  CLASSES 


Load 

Factor 

(nz) 

Exceedances  per  1,000  Hours  by  Mission  Segment 

Ascent 

Cruise, 

Loiter, 

or 

Descent 

Air-to- 

Ground 

Combat 

Subsonic 
Air -to -Air 
Combat 

Supersonic 
Air -to -Air 
Combat 

10.0 

0 

0 

15 

0 

9.0 

0 

1 

60 

0 

8.0 

0 

IS 

230 

16 

7.0 

0.04 

200 

900 

90 

6.0 

1.0 

1,500 

3,400 

500 

5.0 

25 

10,000 

13,000 

2,900 

4.0 

400 

40,000 

50,000 

17,000 

3.0 

3,500 

100,000 

150,000 

90,000 

2.0 

15,000 

175,000 

300,000 

250,000 

1.5 

24,000 

210,000 

390,000 

320,000 

0.5 

0.0 

10,000 

44,000 

16,000 

0.0 

0.0 

350 

4,000 

2,000 

-1.0 

0.0 

7 

350 

45 

-2.0 

0.0 

1 

8 

0.1 

-3.0 

0.0 

0 

0.1 

0 

-4.0 

0.0 

0 

0 

0 

The  spectrum  for  the  bomber-BI  class  (Table  12)  is  based  on  the  B spec- 
trum of  Table  II  of  reference  14  which  is  believed  to  be  representative  of  a 
consolidation  of  the  spectra  of  Table  V of  reference  13.  The  load  factor 
levels  are  also  changed  to  increments  of  0.5  g. 

The  spectra  for  the  bomber-BII  class  (Table  13)  correspond  to  the  spec- 
tra of  Table  VI  of  reference  13,  except  that  the  ascent,  descent,  and  refuel- 
ing spectra  have  been  consolidated  into  one  spectrum  and  a representative 
low-altitude  penetration  spectrum  has  been  added.  The  load  factor  levels  are 
also  changed  to  increments  of  0.3  g. 

The  spectra  for  the  cargo-assault  class  (Table  14)  correspond  to  the 
spectra  of  Table  VIII  of  reference  13,  except  the  ascent  and  descent  spectra 
are  consolidated  into  one  spectrum  and  the  load  factor  levels  are  changed  to 
increments  of  0.3  g. 
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TABLE  12.  MANEUVER  LOAD  FACTOR  SPECTRUM  FOR  BI  CLASS,  ALL  SEGMENTS 


Load 

Factor 

(nz) 

Exceedances 
per  1,000  Hours 

6.0 

0 

5.5 

0.5 

5.0 

3 

4.5 

18 

4.0 

70 

3.5 

250 

3.0 

800 

2.5 

2,500 

2.0 

9,200 

1.5 

31,000 

0.5 

1,000 

0.0 

350 

-0.5 

1 

-1.0 

0 

The  spectra  for  the  cargo -transport  class  (Table  15)  correspond  to  the 
spectra  of  Table  VII  of  reference  13,  except  that  the  ascent,  descent,  and 
refueling  spectra  have  been  consolidated  into  one  spectrum.  The  resulting 
spectra  were  obtained  with  a weighting  of  80  percent  logistics  and  20  percent 
training,  and  the  load  factor  levels  are  also  changed  to  increments  of  0.3  g. 

The  maneuver  load  factor  spectrum  for  a given  blocked  usage  segment  is 
based  on  the  time  spent  in  the  segment  and  number  of  load  factor  exceedances 
per  1,000  hours. 

Let, 

NEXM  * number  of  exceedances  of  a specific  maneuver  load  factor 
for  the  blocked  usage  segment 

= number  of  exceedances  of  a specific  maneuver  load  factor 
per  1,000  hours  for  the  type  of  segment 

T„r  = total  hours  spent  in  the  blocked  usage  segment 
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TABLE  13.  MANEUVER  LOAD  FACTOR  SPECTRA  FOR  BII  CLASS 


Load 

Factor 

<V 

Exceedances  per  1,000  Hours  by  Segment 

Ascent , 
Descent , 
or 

Refueling 

Cruise 

or 

High-Altitude 

Penetration 

Low- 

Altitude 

Penetration 

3.5 

0 

0 

0 

3.2 

0.01 

0 

0.02 

2.9 

0.06 

0.003 

0.12 

2.6 

0.3 

0.03 

0.6 

2.3 

2 

0.40 

4 

2.0 

15 

4 

30 

1.7 

300 

60 

600 

1.4 

7,200 

1,300 

14,400 

1.1 

150,000 

35,000 

300,000 

0.9 

85,000 

20,000 

300,000 

0.6 

3,900 

240 

14,400 

0.3 

86 

4 

600 

0.0 

7 

0.1 

30 

-0.3 

0.9 

0.002 

4 

-0.6 

0.1 

0 

0.6 

-0.9 

0.01 

0 

0.12 

-1.2 

0 

0 

0.02 

-1.5 

0 

0 

0 

then 
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(195) 


(196) 


TABLE  14.  MANEUVER  LOAD  FACTOR  SPECTRA  FOR  CARGO  ASSAULT  CLASS 


Load  Factor 

Exceedances  per  1,000  Hours  by  Segment 

(n  ) 

Ascent  or  Descent 

Cruise 

z 

3.8 

0 

0 

3.5 

0.05 

0.02 

3.2 

0.12 

0.05 

2.9 

0.25 

0.11 

2.6 

0.50 

0.25 

2.3 

1.8 

0.54 

2.0 

10 

2 

1.7 

130 

16 

1.4 

1,500 

300 

1.1 

100,000 

10,000 

0.9 

30,000 

5,000 

0.6 

100 

30 

0.3 

0.5 

1 

0.0 

0.002 

0.03 

-0.3 

0 

0.001 

-0.6 

0 

0 

TABLE  15.  MANEUVER  LOAD  FACTOR  SPECTRA  FOR  CARGO  TRANSPORT  CLASS 


Exceedances  per  1,000  Hours  by  Segment 

Load  Factor 

Ascent,  Descent 

'V 

or  Refueling 

Cruise 

3.5 

0 

0 

3.2 

0.03 

0 

2.9 

0.17 

0 

2.6 

0.90 

0.003 

2.3 

4 

0.05 

2.0 

19 

1 

1.7 

105 

25 

1.4 

1470 

825 

1.1 

70,000 

30,000 

0.9 

8,000 

1,920 

0.6 

136 

22 

0.3 

0.30 

0.15 

0.0 

0.001 

0.001 

-0.3 

0 

0 
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where 


T/T^  is  obtained  from  the  appropriate  Table  5,  6,  7,  8,  9,  or  10 
N'EX  is  obtained  from  the  appropriate  Table,  11,  12,  13,  14,  or  15 
T^  is  the  specified  airplane  service  life  in  hours 


GUST  LOAD  FACTOR  SPECTRA 

The  gust  load  factor  spectra  are  developed  using  a simplified  continuous 
turbulence  approach  based  on  references  15  and  16.  The  exceedances  of  a given 
load  factor,  .Mg^,  for  a specific  blocked  mission  segment  is  determined  using 
the  following  method: 


An  /A  b. 


- An  A b„ 


nexg  * 3600  tseg  N0  1 P-  e 


+ P„  e 


(197) 


where , 


TSEG  *s  ^rom  ecluation  *95 


Nq  is  the  average  number  cycles  of  load  factor  per  second  and  is 


N 


7.5  V1 
5280 


(per  reference  15) 


(198) 


V = true  airspeed  (fps)  corresponding  to  the  blocked  segment 
mach  number  and  altitude 

An^  is  the  incremental  gust  load  factor  and  is 


An  =|  n - 1 
z 


(199) 
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P.  P-,  b.  and  b.  are  the  turbulence  field  parameters  obtained  from 
Table  16  Dy  interpolation  at  the  blocked  segment  altitude. 


A 


K<r 


?VT  CL. 


2(W/Sh.) 


(per  reference  16) 


(200) 


K<r  is  the  gust  response  factor  obtained  from  Table  17  by  interpola- 
tion at  the  appropriate  values  of  C/L  and  (j.  for  the  blocked  segment 
weight,  speed,  and  altitude. 

C is  the  average  wing  chord  in  feet. 

L is  the  scale  of  turbulence  in  feet  and  is  obtained  from  Table  16 
for  the  blocked  segm°nt  altitude. 

H is  the  airplane  mass -ratio  and  is  obtained  using  equation  116  for 
the  blocked  segment  weight,  speed,  and  altitude. 


TABLE  16.  TURBULENCE  FIELD  PARAMETERS 


Altitude 

(ft) 

PI 

B1 

P2 

B2 

L 

(ft) 

0 

1.00000 

2.70 

0.000010 

10.65 

500 

1.00000 

2.70 

0.000010 

10.65 

500 

1.00000 

2.70 

0.000010 

10.65 

500 

1,750 

0.42000 

3.02 

0.003300 

5.94 

1,750 

0.30000 

3.42 

0.002000 

8.17 

2,500 

Be 

0.15000 

3.59 

0.000950 

9.22 

2,500 

15,000 

0.06200 

3.27 

0.000280 

10.52 

2,500 

25,000 

0.02500 

3.15 

0.000110 

11.88 

2,500 

35,000 

0.01100 

2.93 

0.000095 

9.84 

2,500 

45,000 

0.00460 

3.28 

0.000115 

8.81 

2,500 

55,000 

0.00200 

3.82 

0.000078 

7.04 

2,500 

65,000 

0.00088 

2.93 

0.000057 

4.33 

2,500 
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TABLE  17.  GUST  RESPONSE  FACTORS 


Kir 

C/L 

EM 

C/L 

C/L 

C/L 

C/L 

C/L 

C/L 

raa 

p 

0.002 

0.006 

0.020 

0.040 

0.060 

El 

0.130 

0.180 

HI 

H 

0.270 

IB 

IB 

0.390 

m 

IS  1 

0.200 

0.250 

Em 

0.380 

EBa 

Ira 

B 

20 

0.270 

0.340 

mm 

0.490 

Ira 

Ira 

WmM 

30 

0.320 

0.400 

Bra 

0.565 

Em 

Ira 

0.660 

40 

0.340 

0.440 

ESa 

0.615 

0.643 

Ira 

0.695 

0.680 

60 

0.410 

0.510 

■ 

0.632 

0.676 

0.700 

Ira 

0.708 

100 

0.500 

0.600 

0.655 

0.712 

0.745 

0.762 

0.760 

0.725 

140 

0.550 

0.650 

0.710 

0.760 

0.782 

0.790 

0.790 

0.770 

0.735 

200 

0.620 

0.715 

0.760 

0.800 

0.817 

0.820 

0.805 

0.785 

0.742 

300 

0.685 

0.770 

0.805 

0.836 

0.845 

0.843 

0.820 

0.790 

0.747 

TAXI  LOAD  FACTOR  SPECTRA 

The  taxi  load  factor  spectra  are  presented  in  Table  18  for  each  airplane 
class  and  are  the  same  as  Table  I of  reference  13  except  that  the  spectra  are 
converted  to  exceedances  of  load  factor  per  1,000  landings  (rather  than  occur- 
rences of  load  factor  per  1,000  landings). 

Two  taxi  spectra  are  considered;  that  is,  one  at  the  average  takeoff 
weight  and  one  at  the  average  landing  weight  and  both  having  the  same  load 
factor  exceedances. 

Let 


NEXT  = num^er  exceedances  of  a specific  taxi  load  factor  for 
the  service  life  for  the  average  takeoff  or  landing  weight 

= number  of  exceedance  of  a specific  taxi  load  factor  per 
1,000  landings  obtained  from  Table  18 

N = total  number  of  landings  specified  for  the  airplane  service 

LiAj  . . /m 

life 

Then,  for  a specific  taxi  load  factor, 


N, 


EXT 


s 


nex'nldg/2000) 


(201) 


TABLE  18.  TAXI  LOAD  FACTOR  SPECTRA 


Load  Factor 

..  ^ 

Exceedances  per  1,000  Landings 

F,  A,  or  BI  Class 

BII,  Car go -Assault, 
or  Cargo -Transport 
Class 

1.8 

0.00. 

0.002 

1.7 

0.03 

0.06 

1.6 

0.9 

1.8 

1.5 

20 

40 

1.4 

450 

900 

1.3 

9,000 

18,000 

1.2 

86,000 

172,000 

1.1 

330,000 

660,000 

0.9 

330,000 

660,000 

0.8 

86,000 

172,000 

0.7 

9,000 

18,000 

0.6 

450 

900 

0.5 

20 

40 

0.4 

0.9 

1.8 

0.3 

0.03 

0.06 

0.2 

0.001 

0.002 

GROUND-AIR-GROUND  CYCLE  LOAD  FACTOR  SPECTPJJM 

The  ground -air -ground  cycle  load  factor  spectrum  is  arbitrarily  assumed 
to  consist  of  a total  number  of  constant  amplitude  cycles,  Nqag,  equal  to  the 
total  number  of  landings,  Nldg>  specified  for  the  airplane  service  life.  The 
minimum  load  level  corresponds  to  a taxi  load  factor  of  1.2  g at  the  average 
takeoff  weight,  and  the  maximum  load  level  corresponds  to  a flight  load  factor 
of  one-half  the  positive  design  limit  load  factor  at  a weight  equal  to  that  of 
the  initial  ascent  blocked  usage  segment. 


iN'gag  = nldg 


(202) 


WING  BENDING  MOMENT  SPECTRA 

Wing  bending  moment  spectra  are  developed  for  the  specified  airplane 
class  for  each  of  the  eight  blocked  usage  segments,  for  taxi  at  the  average 
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takeoff  weight  and  at  the  average  landing  weight,  and  for  the  ground-air- 
ground  cycles.  The  net  bending  moment  (airload  plus  inertia)  spectra  are 
determined  at  two  wing  stations: 

1.  The  exposed  panel  rolling  moment  at  the  wing-body  interface  station, 
Ygj,  side  of  the  body 

2.  The  wing  bending  moment  at  a specified  station,  Y,  along  the  load 
reference  line 


Blocked  Segment  Bending  Moment  Spectra 

For  each  of  the  eight  blocked  usage  segments  of  the  appropriate  Table  5, 
6,  7,  8,  9,  or  10,  the  following  procedures  are  used  to  determine  the  wing 
bending  moment  spectra: 


1.  Using  the  blocked  mission  segment  mach  number,  determine  the  unit 

airload  bending  moments  UMXA  and  UMXA(SOB)  using  equations  32  and  43, 

respectively,  where  r\  - (2YA/b)  cos  AR.  Determine  the  wing  lift 

curve  slope,  CL  , using  the  appropriate  equation  (19)  or  (23). 
a 

2.  For  the  specified  airplane  class  and  blocked  segment  type,  determine 
the  exceedances,  NEXM,  of  each  maneuver  load  factor  level  listed  in 
the  appropriate  Table  11,  12,  13,  14,  or  15  using  equations  195  and 
196. 


3.  Determine  the  exceedances,  NgxG>  gus*  factor  levels  for  the  same 
load  factor  levels  of  item  2 using  the  blocked  segment  weight,  mach 
number  and  altitude,  and  equation  197. 


4.  Determine  the  net  bending  moments  at  the  two  wing  stations  for  each 
load  factor  level  as  follows: 
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where 

n is  the  load  factor  for  which  exceedances  have  been  determined 
z 

i 

t 

UMXA(SOB)  and  UMXA  are  the  unit  airload  bending  moments  at  wing  sta- 
tions Ygi  and  YA  , respectively. 

(Y^)  and  (M^.  /nJg  are  the  uni*  inertia  bending  moments  at  wing 
stations  Ygj  and  VA  .respectively. 

W is  the  blocked  segment  weight  and  is, 

W = W (W/Wq)  (205) 

where 

W is  the  specified  average  takeoff  weight 

and 

W/Wq  is  blocked  segment  weight  fraction. 


5.  A sample  maneuver  and  gust  wing  bending  moment  spectra  for  a cargo- 
assault  class  airplane  is  shown  in  Table  19  for  the  first  blocked 
usage  ascent/descent  segment  of  Table  9.  Notes  are  presented  to 
illustrate  how  data  were  obtained. 


Taxi  Bending  Moment  Spectra 

The  wing  bending  moment  spectra  for  the  taxi  load  factor  spectra  are 
obtained  as  follows: 

1.  Ucing  Table  18  for  the  appropriate  airplane  class,  the  number  of 
exceedances,  Ngxr»  of  each  load  factor  level  are  obtained  by 
equation  201. 

2.  This  load  factor  spectra  is  used  to  determine  the  wing  bending  spec- 
tra for  the  average  takeoff  weight  and  the  average  landing  weight. 
At  each  load  factor  level,  the  wing  bending  moments  are  determined 
using  equations  203  and  204  modified  as  follows. 
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TABLE  19.  SAMPLE  BLOCKED  USAGE  SEGMENT  MANEUVER  AND  GUST  WING 
BENDING  MOMENT  SPECTRA  FOR  CARGO  ASSAULT  CLASS 


Load 

Factor 

(nJ 

(note  1) 

Gust 

an2 

(note  2) 

VsOB) 

AT 

Y =72 
BW 

(note  3) 

”xa 

AT 

Y.  =250.4 
A 

(note  4) 

1 

Gust 

Exceedances 

NEXG 

(note  5) 

Maneuver 

Exceedances 

nexm 

(note  6) 

3.2 

2.2 

35033490 

17081280 

0.0 

0.5 

2.9 

1.9 

31749100 

15749920 

0.0 

1.1 

2.6 

1.6 

28464700 

13878550 

0.0 

2.2 

2.3 

1.3 

25180320 

12277180 

0.3 

7.9 

2.0 

1.0 

21895940 

10675810 

2.6 

43.7 

1.7 

1.7 

18611540 

9074440 

19.8 

568.2 

1.4 

0.4 

15327150 

7473060 

191 

6654 

1.1 

0.1 

12042760 

5871690 

51,214 

436,996 

0.9 

-0.1 

9853170 

4804110 

51,214 

131,096 

0.6 

-0.4 

6568780 

3202740 

191 

437 

0.3 

-0.7 

3284390 

1601370 

19.8 

1.3 

0.0 

-1.0 

0 

0 

2.6 

0.0 

-0.3 

-1.7 

-3284390 

-1601370 

0.3 

0.0 

-0.6 

-1.6 

-6568780 

-3202740 

0.0 

0.0 

1.  n is  obtained  from  Tabic  14. 
z 


2.  is  obtained  using  equation  199. 
z 

3.  M^csob)  obtained  using  equation  203. 

4.  is  obtained  using  equation  204. 

5.  Nj.  is  obtained  using  equation  197. 

6.  Np^  is  obtained  using  equation  196  and  Table  14, 


For  the  bending  moments  at  takeoff  weight, 


(206) 


(YA) 


(207) 


For  the  bending  moments  at  landing  weight, 


‘VsOB) 


(Ya) 


where 


(208) 


(209) 


are  the  wing  unit  inertia  bending  moments  at  stations  Y^  and  YA, 
respective!) , for  the  average  takeoff  weight. 


and 


LDG 


are  the  wing  unit  inertia  bending  moments  at  stations  Yg^  and  YA  , 
respectively,  for  the  average  landing  weight. 
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Ground -Air -Ground  Cycle  Bending  Moments 


The  wing  bending  moments  for  the  ground -air -ground  cycles  are  determined 
using  equations  203  and  204  modified  as  follows: 

For  the  maximum  wing  bending  moments, 


For  the  minimum  wing  bending  moments, 


,MX(SOB) 


(212) 


•N1x 


A (Ya  ) 


(213) 


where 


is  the  positive  design  limit  maneuver  load  factor. 


is  the  airplane  weight  in  the  initial  ascent  segment. 


is  the  unit  inertia  bending  moment  wing  station  for  the 
initial  ascent  segment. 
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ft), 

©oandfe)o 


is  the  unit  inertia  bending  moment  at  wing  sta- 
tion Ya  for  the  initial  ascent  segment. 


are  the  unit  inertia  bending  moments  at  wing  sta- 
tions Yp.  and  Y^  , respectively,  for  the  average 
takeoff1  weight. 


87 


Section  III 


PROGRAM  DESCRIPTION 


GENERAL  DESCRIPTION 

The  airloads  module  has  been  developed  to  determine  air  vehicle 
component  limit  airloads  and  wing  bending  moment  fatigue  spectra.  Methods, 
equations,  and  logic  discussed  in  the  previous  section  are  programmed  in 
FORTRAN  IV  for  the  CDC  bbOU  computer.  Limit  airloads  consist  of  airload  and 
center  of  pressure  (CPj  for  each  airplane  component  and  airload  shear,  bending 
moment,  and  torsion  distributions  on  wing  and  empennage  surfaces.  Fatigue 
data  consist  of  gust  and  maneuver  spectra  for  eight  flight  segments,  two  taxi 
segments,  and  a ground- air- ground  segment. 

Data  input  to  this  module  consist  of  the  permanent  file  aerodynamic  data 
records,  and  the  vehicle-oriented  data,  generated  by  the  data  management 
modulo  and  the  flutter  and  temperature  module.  The  flow  of  data  to  this 
module  and  the  usage  of  data  calculated  by  this  module  are  shown  in  Fig- 
ure 7. 


PROGRAM  FUNCTIONS 

The  airloads  module  main  program,  BLCNTL,  uses  four  main  subroutines, 
five  subordinate  subroutines,  and  two  function  routines.  The  main  subroutines 
are  USPAN,  BNLDS , SPABM,  and  FATMG. 

Subroutine  USPAN  calculates  lifting  surface  unit  airload  shears,  bending 
moments,  torques,  centers  of  pressure,  and  lift  curve  slopes  for  a specified 
mach  number. 

Subroutine  BNLDS  calculates  gross  limit  airloads  and  centers  of  pressure 
on  each  of  the  airplane  components  and  the  inertia  factors  for  the  specified 
case  condition. 

Subroutine  SPABM  calculates  limit  airload  shear,  bending  moment,  and 
torsional  moment  distributions  on  wing  and  empennage  surfaces  for  each 
specific  flight  condition. 

Subroutine  FATMG  calculates  wing  bending  moment  spectra  at  a wing  side 
of  fuselage  station  and  an  outboard  station. 
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Figure  7.  Flow  of  airload  module  dependent  data. 


Subordinate  subroutines  are  used  to  calculate  atmospheric  properties  and 
to  process  the  airloads  data  for  use  by  the  fatigue  and  weight  estimating 
modules.  These  routines  are: 

* ATMJS  Determines  the  standard  atmosphere  density,  pressure,  and  the 

speed  of  sound  at  a given  altitude 

* MAXLDS  Scans  the  load  case  data  to  define  the  net  design  loads 

envelope  for  the  wing  and  empennage  surfaces 

• KliYNKT  Organizes  the  net  design  loads  envelope  data;  calculates 

temperature,  load  factor,  and  content  inertia  normalizing 

factors;  and  stores  the  data  for  use  by  the  wing  and  empennage 

we  ight  estimating  modules 

# FUSNET  Rearranges  and  stores  vehicle  loads  and  inertia  factors  for 

use  by  the  fuselage  weight  estimating  module 

Purposes  of  the  function  routines  are  as  follows: 

# C0DIM2  Curve  fitting  interpolation  routine  for  determination  of  a 

value  on  a single  curve 

* FC0UM2  Curve  fitting  interpolation  routine  for  determination  of  a 

value  from  a family  of  curves 

ine  calling-called  matrix  for  the  program  showing  interdependence  of 
routines  is  shown  in  Figure  8.  The  logical  flow  chart  of  this  module  is 
shown  in  Figure  9.  expanded  discussions  of  each  of  the  routines  are  included 
in  this  section.  Methods  employed  are  described  in  Section  II  of  this  volume. 
Logical  flow  charts  and  program  listings  are  shown  in  Appendix  A. 

GLXLRAL  MAPS 

Data  storage  and  transmittal  is  accomplished  through  the  use  of  common, 
labeled  common,  and  mass  storage  files.  Mass  storage  file  records  are  read 
into  and  written  from  regions  in  common  or  from  program  regions.  Those 
arrays  that  are  written  from  records  in  the  program  region  are: 
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Figure  8.  Calling-called  matrix  for  airload  module. 
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Figure  9.  Logical  flow  diagram  for  airload  module. 
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Array 


Subroutine 


DUNMY 

FUS 

RATIO 

WHVLID 

IVD 


FATMG 

FUSNET 

WHVNET 

WIIVNET 

MAXLDS 


Descript  on  of  these  arrays,  as  well  as  other  program  region  arrays,  are 
presented  with  the  subroutine  descriptions. 


OMD.N 

Common  consists  of  5,895  cells  which  are  divided  into  the  major  regions 
shown  in  Table  20.  Table  21  presents  an  alphabetical  listing  of  arrays  and 
variables  within  the  common  region.  Type  designates  whether  variable  is 
input  (1)  or  calculated  (C) . When  the  variables  in  this  table  are  subsets  of 
larger  arrays,  the  higher  order  array  is  referenced  in  brackets.  ' 

Tables  22  through  60  are  maps  of  those  arrays  that  have  specific  signifi- 
cance which  are  not  explained  in  the  alphabetical  listing.  Certain  arrays  and 
variables  are  only  pertinent  within  a single  routine;  in  which  case,  these 
variables  are  included  in  the  discussion  of  the  applicable  routine. 


LABELED  OMDN 

Labeled  conmon  arrays  are  used  to  transfer  program  control  words  and 
certain  vehicle  design  data.  These  arrays  are  as  follows: 

• XMISC  (Block  MI SC)  - This  array  is  used  to  transmit  program  controls 

and  certain  vehicle  design  data  as  shown  in  Table  61. 

• IP  (Block  IPRINT)  - This  array  is  used  to  transmit  print  control, 

indicators  to  various  subroutines  as  shown  in  Table  62.  When 
this  name  (IP)  is  in  conflict  with  coimon  region  variables,  the 
name  IQ  is  used. 

MASS  STORAGE  FILES 


Mass  storage  file  records  used  by  this  program  are  shown  in  Table  63. 
Variables  in  these  records  are  discussed  in  the  common  region  tables  or  with 
the  originating  routine  discussions. 
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TABLE  20.  CONMON  ARRANGEMENT 


Variable 

Name 


Description 

Reserved  for  future  expansion 


100  DT(1) 


Permanent  file  aerodynamic  data  (record  1) 


155  DT(56) 

156  DB(1) 


Permanent  file  subsonic  aerodynamic  data  (record  2) 


DB(853) 

DF(1) 


Pennanent  file  deflected  flap  aerodynamic  data 
(record  3) 


DF(146) 


DP(1) 


Permanent  file  supersonic  aerodynamic  data  (record  4) 


1888  DP(734) 

1889  DS(1) 


Permanent  file  or  input  blocked  mission  segment 
tables  (record  5) 


2176  DS (288) 


2177  DE(1) 


Pennanent  file  maneuver  load  factor  spectra  tables 
(record  6) 


2516  DE(340) 


TABLE  20.  COMDN  ARRANGEMENT  (CONT) 


Common 

Location 

Variable 

Name 

Description 

2517 

DI(1) 

Permanent  file  taxi  load  factor  spectra  tables 
(record  7) 

2576 

1)1(60) 

2577 

• 

DG(1) 

Permanent  file  turbulence  field  parameters  (record  8) 

« 

2648 

DG(72) 

2649 

DR(1) 

Permanent  file  gust  response  factors  (record  9) 

• 

• 

2757 

DR(109) 

2758 

• 

BC  Cl) 
• 

Air  vehicle  design  data  (record  22) 

• 

• 

2952 

• 

• 

BC(195) 

2953 

• 

BB(1) 

Air  vehicle  load  condition  criteria 

• 

• 

2972 

• 

• 

BB(20) 

2973 

BS  (1) 

Basic  program  scratch  array 

2992 

BS(20) 

2993 

BD(1) 

Program  scratch  array 

3152 

• 

• 

BD(160) 

TABLE  20.  COMMON  ARRANGEMENT  (CONT) 


Common 

Location 

Variable 

Name 

V 

Description 

3153 

BU(l) 

Unit  spanwise  loading  tables 

3380 

• 

• 

BU(228) 

3381 

BO(l) 

• 

• 

Air  vehicle  loading  parameters  and  surface  airload 
shear,  bending  moment,  and  torque.  Also,  fatigue 
spectra  data. 

4000 

• 

B0(620) 

4001 

• 

• 

Reserved  for  future  expansion 

• 

• 

4200 

• 

4201 

• 

NDC1) 

• 

Storage  region  for  indicators  and  counters 

• 

• 

4400 

• 

• 

ND(200) 

4401 

WLD(l) 

• 

Structural  component  normalized  inertia  loads  array 

4700 

• 

• 

WLD(300) 

4701 

• 

IDUM(l) 

• 

Net  design  load  condition  indicator  array 

• 

• 

4832 

• 

IDUM(132) 

4833 

• 

SAVE(l) 

• 

Design  airloads  array 

• 

• 

4964 

• 

SAVE (132) 
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TABLE  20.  CONMON  ARRANGEMENT  (CONT) 


Common 

Location 

Variable 

Name 

Description 

4965 

XNET(l) 

Net  design  loads  array  normalized  to  room  temperature 
reference. 

5096 

XNET(132) 

5097 

RNZ(l) 

* 

Load  factor  normalizing  factor  array 

• 

• 

5228 

RNZ(132) 

5229 

• 

RC(D 

Wing  content  normalizing  factor  array 

• 

• 

S272 

• 

RC(44) 

5273 

• 

• 

SVF(l) 

• 

.Ambient  condition,  temperature,  and  structural  com- 
ponent material  property  data  array 

5452 

• 

SVF(180J 

5453 

• 

STEMPW(l) 

Wing  material  allowable  at  each  design  load  condition 

5475 

STEMPW(23) 

5476 

' 

. 

STEMPH(l) 

• 

Horizontal  tail  material  allowable  at  each  design 
load  condition 

• 

5498 

• 

STEMPH(23) 

5499 

• 

• | 

STEMPV(l) 

Vertical  tail  material  allowable  at  each  design  load 
condition 

• 

5521 

STEMPV(23) 
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TABLE  20.  COM3N  ARRANGEMENT  (CONCL) 

Common  Variable 

Location  Name  Description 

5522  DUM(l)  Design  airloads  array  normalized  to  reference 

. . temperature 

• • 

• • 

5719  DUM(198) 

5720  SAVET(l)  Reserved  for  torque  evaluation 

• • 

• • 

• • 

5785  SAVET(66)  . 


TABLE  21.  CONMON  REGION  VARIABLE  LIST 


Var 

Name 

Size 

Common 

Loc 

Type 

Description 

Subroutine 

Reference 

ALT 

23 

3581 

C 

Vehicle  altitude  at  load  condition  (BO] 

BLCNTL 

BB 

20 

2953 

C 

Vehicle  design  criteria  at  load  condi- 
tions or  at  blocked  mission  segment  in 
subroutine  FATMG  (refer  to  Table  22) 

BLCNTL,  USPAN, 
BNLDS,  SPABM, 
FUSNET,  FATMG. 
MAXLDS 

BC 

195 

2758 

I 

Vehicle  design  data  (refer  to  Table  23) 

BLCNTL,  USPAN, 
BNLDS,  SPABM, 
MAXLDS,  FUSNET, 
FATMG 

BD 

160 

2993 

C 

Scratch  array  (refer  to  subroutine 
discussions) 

USPAN,  BNLDS, 
FATMG 

BNH 

11 

4646 

I 

Horizontal  tail  and  contents  1 g iner- 
tia bending  moment  (WLD) 

MAXLDS 

BMV 

11 

4679 

I 

Vertical  tail  and  content  1 g inertia 
bending  moment  (WLD) 

MAXLDS 

BMW2 

11 

4481 

I 

Wing  only  1 g inertia  bending  moment 
for  wings  fixed  or  forward  (WLD) 

MAXLDS 

BM12 

11 

4547 

I 

Wing  and  content  1 g inertia  bending 
moment  at  BFDW  for  wings  fixed  or  aft 
(WLD) 

MAXLDS 

BM2G 

11 

4415 

I 

Wing  net  bending  moment  at  2 g taxi  at 
MDW  for  wings  fixed  or  forward  (WLD) 

MAXLDS 

BM21 

11 

4514 

I 

Wing  and  content  1 g inertia  bending 
moment  at  MDW  for  wings  fixed  or 
forward  (WLD) 

MAXLDS 

BM22 

11 

4580 

I 

Wing  and  content  1 g inertia  bending 
moment  at  BFDW  for  wings  fixed  or 
forward  (WLD) 

MAXLDS 

BM23 

11 

4613 

I 

Wing  and  content  1 g inertia  bending 
moment  at  LDW  for  wings  fixed  or 
forward  (WLD) 

MAXLDS 
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TABLE  21.  CONMON  REGION  VARIABLE  LIST  (CONT) 


Var 

Name 

Size 

Common 

Loc 

Type 

Description 

Subroutine 

Reference 

BO 

620 

3381 

C 

Component  airloads,  CP's,  and  vehicle 
inertia  factors  (refer  to  Table  24) 

BLCNTL,  BNLDS, 
SPABM,  MAXLDS 
FUSNET 

BO 

620 

3381 

C 

Spectra  bending  moment  tables  (refer 
to  Table  75) 

FATMG 

BS 

20 

2973 

C 

Scratch  array  (refer  to  subroutine 
discussions) 

USPAN,  BNLDS, 
SPABM,  FATMG 

BU 

228 

3153 

C 

Unit  spanwise  loading  tables  (refer  to 
Table  25) 

USPAN,  BNLDS, 
SPABM,  FATMG 

CNN 

1 

2962 

C 

Vehicle  mach  number  at  load  condition 
(BB) 

USPAN 

DB 

853 

156 

I 

Permanent  file  subsonic  aerodynamic 
data  (refer  to  Table  26) 

BLCNTL,  USPAN 

DE 

340 

2177 

I 

Permanent  file  maneuver  load  factor 
spectra  tables  (refer  to  Table  29) 

FATMG 

DF 

146 

1009 

I 

Permanent  file  deflected  flap  aerody- 
namic data  (refer  to  Table  35) 

BLCNTL,  USPAN, 
BNLDS 

DG 

72 

2577 

I 

Permanent  file  turbulence  field  param- 
eters (refer  to  Table  37) 

FATMG 

DI 

60 

2517 

I 

Permanent  file  taxi  load  factor  spectra 
tables  (refer  to  Table  38) 

FATMG 

DP 

734 

1155 

I 

Permanent  file  supersonic  aerodynamic 
data  (refer  to  Table  39) 

BLCNTL,  USPAN 

DR 

109 

2649 

I 

Permanent  file  gust  response  factors 
(refer  to  Table  41) 

FATMG 

DS 

288 

1889 

I 

Permanent  file  or  input  blocked  mission 
segment  tables  (refer  to  Table  43) 

FATMG 

DT 

56 

100 

I 

Permanent  file  aerodynamic  data  (refer 
to  Table  50) 

BLCNTL,  USPAN 
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TABLE  21.  CXMDN  REGION  VARIABLE  LIST  (CONT) 


Var 

Name 

Size 

Common 

Loc 

Type 

Description 

Subroutine 

Reference 

1XJM 

198 

5522 

C 

Design  airloads  array  normalized  to 
reference  design  temperature  (refer  to 
Table  51) 

WHVNET 

DX 

15 

3058 

C 

Normal  distance  from  load  reference  to 
local  CP  (BD) 

USPAN 

ED 

5 

3023 

C 

Normalized  spanwise  stations  for  tabu- 
lated data  (BD) 

USPAN 

ES 

15 

3028 

C 

Normalized  spanwise  stations  for  load 
evaluation 

USPAN 

I 

1 

4301 

C 

Scratch  counter  and  load  condition 
counter  (ND) 

BLCNTL , MAXLDS, 
FUSNET 

I 

1 

4332 

C 

Scratch  counter  (ND) 

USPAN 

I 

1 

4340 

C 

Scratch  counter  (ND) 

FCODM2 

I 

1 

4351 

C 

Scratch  counter  (ND) 

BNLDS 

I 

1 

4355 

C 

Scratch  counter  (ND) 

SPABM 

I 

1 

4364 

C 

Scratch  counter  (ND) 

FATMG 

ID 

1 

4354 

c 

Surface  indicator  (ND) 

1 = wing  (basic) 

2 = deflected  flaps 

3 = horizontal  tail 

4 = dual  vertical  tail 

5 = single  vertial  tail 

6 = T-type  tail 

SPABM 
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TABLE  21 . COMCN  REGION  VARIABLE  LIST  (CONT) 


Var 

Name 

Size 

Common 

Loc 

Type 

Description 

Subroutine 

Reference 

I DIM 

132 

4701 

C 

Net  design  load  condition  indicators 
(refer  to  Table  52) 

BLCNTL,  MAXLDS, 
WHVNET 

IN 

1 

4305 

C 

Load  calculation  control  (ND) 

BLCNTL 

IP 

1 

4337 

C 

Wing  type  and  position  indicator  (ND) 

USPAN,  BNLDS, 
SPABM 

J 

1 

4333 

C 

Scratch  counter  (ND) 

USPAN 

J 

1 

4344 

C 

Data  point  location  counter  (ND) 

CODIM2 

J 

1 

4352 

c 

Scratch  counter  (ND) 

BNLDS 

J 

1 

4356 

C 

Scratch  counter  (ND) 

SPABM 

J 

1 

4365 

C 

Scratch  counter  (ND) 

FATMG 

JJ 

1 

4345 

C 

Data  point  region  indicator  (ND) 

CODING 

K 

1 

4334 

C 

Scratch  counter  (ND) 

USPAN 

K 

1 

4341 

C 

Scratch  counter  (ND) 

FCODM2 

K 

1 

4346 

C 

Scratch  counter  (ND) 

CODIM2 

K 

1 

4353 

c 

Scratch  counter  (ND) 

BNLDS 

K 

1 

4357 

c 

Scratch  counter  (ND) 

SPABM 

K 

1 

4366 

c 

Scratch  counter  (ND) 

FATMG 

L 

1 

4335 

c 

Scratch  counter  (ND) 

USPAN 

L 

1 

4342 

c 

Curve  family  data  location  counter  (ND) 

FCODM2 

L 

1 

4347 

c 

Scratch  counter  (ND) 

CODING 

L 

1 

4358 

c 

Scratch  counter  (ND) 

SPABM 

L 

1 

4367 

c 

Scratch  counter  (ND) 

FATMG  ; 
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TABLE  21.  C0NM3N  REGION  VARIABLE  LIST  (CONT) 


Var 

Name 

Size 

Common 

Loc 

Type 

Description 

Subroutine 

Reference 

M 

1 

4348 

C 

Scratch  counter  (ND) 

C0DIM2 

M 

1 

4349 

C 

Scratch  counter  (ND) 

USPAN 

M 

1 

4359 

C 

Scratch  counter  (ND) 

SPABM 

M 

1 

4368 

C 

Scratch  counter  (ND) 

FATMG 

NA 

1 

4213 

c 

Air  vehicle  category  indicator  (ND) 

1 = fighter,  F 

2 = attack,  A 

3 = tactical  bomber,  BI 

4 = strategic  bomber,  BII 

5 = cargo  assault,  CA 

6 = cargo  transport,  CT 

BLCNTL,  FATMG 

ND 

200 

4201 

c 

Storage  region  for  basic  load  controls, 
indicators,  and  counters  (refer  to 
Table  53) 

All  except 
for  ATMOS 

NF 

1 

4308 

c 

Loads  distribution  calculation  control 
(ND) 

-1  = all  surfaces 
1 = wing  only,  flaps  up 

BLCNTL,  USPAN, 
FATMG 

NG 

1 

4361 

c 

Scratch  counter  (ND) 

FATMG 

NHOR 

1 

5437 

I 

Number  of  library  values  in  the  hori- 
zontal tail  stress,  G,  temperature 
tables  (SVF) 

MAXLDS 

NI 

1 

4306 

c 

Load  condition  grouping  indicator  (ND) 

BLCNTL,  BNLDS 

NN 

1 

4362 

c 

Scratch  counter  (ND) 

FATMG 

NS 

1 

4360 

c 

Mission  segment  counter  (ND) 

FATMG 

NT 

1 

4336 

c 

Surface  indicator  (ND) 

USPAN 

NT 

1 

4350 

c 

Surface  indicator  (ND) 

BNLDS 
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TABLE  21.  COMMON  REGION  VARIABLE  LIST  (CONT) 


Var 

Name 

Size 

Common 

Loc 

Type 

Description 

Subroutine 

Reference 

NVER 

1 

5451 

I 

Number  of  library  values  in  the  verti- 
cal tail  stress,  G,  temperature  tables 
(SVF) 

MAXLDS 

NWING 

1 

5423 

I 

Number  of  library  values  in  the  wing 
stress,  G,  temperature  tables  (SVF) 

MAXLDS 

NY 

1 

4363 

C 

Mission  segment  type  for  DE  array  file 
access  (ND) 

FATMG 

N1 

1 

4343 

C 

Number  of  data  points  describing  the 
function  (ND) 

CODIM2 

N3 

1 

4338 

c 

Curve  value  counter  (ND) 

FCODM2 

N4 

1 

4339 

c 

Number  of  curve  interpolations  (ND) 

FC0DM2 

POSNZ 

1 

4402 

I 

Maximum  positive  maneuver  load  factor 
(WLD) 

MAXLDS 

PSI 

23 

5273 

I 

Ambient  pressure  at  load  conditions 
(SVF) 

BLCNTL 

RC 

44 

5229 

c 

Wing  content  normalizing  factors  (refer 
to  Table  54) 

BLCNTL, 

MAXLDS, 

WHVNET 

RNZ 

132 

5097 

c 

Load  factor  normalizing  factors  (refer 
to  Table  55) 

BLCNTL, 

MAXLDS, 

WHVNET 
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TABLE  21 . CONMON  REGION  VARIABLE  LIST  (CONT) 


Var 

Name 

Size 

Common 

Loc 

Type 

Description 

Subroutine 

Reference 

SAVE 

132 

4833 

C 

Design  airload  shears  and  bending 
moments  (refer  to  Table  56) 

BLCNTL,  MAXLDS, 
WHVNET 

SAVET 

66 

5720 

C 

Design  airload  torques  (refer  to 
Table  57) 

MAXLDS,  WHVNET 

SFLUX 

23 

5342 

I 

Sun  flux  at  lv  J conditions  ,'SVF) 

BLCNTL 

STEMPH 

23 

5476 

c 

Horizontal  tail  material  compression 
yield  strength  at  load  conditions 

BLCNTL,  MAXLDS, 
WHVNET 

STEMPV 

23 

5499 

c 

Vertical  tail  material  compression 
yield  strength  at  load  conditions 

BLCNTL,  MAXLDS, 
WHVNET 

STEMPW 

23 

5453 

c 

Wing  material  compression  yield 
strength  at  load  conditions 

BLCNTL,  MAXLDS, 
WHVNET 

sm 

6 

5425 

I 

Horizontal  tail  material  compression 
yield  strength  at  library 
temperatures  (SVF) 

MAXLDS 

STV 

6 

5439 

I 

Vertical  tail  material  compression 
yield  strength  at  library 
temperatures  (SVF) 

MAXLDS 

STW 

6 

5411 

I 

Wing  material  compression  yield 
strength  at  library  temperatures 
(SVF) 

MAXLDS 

SVF 

290 

5273 

I 

Ambient  condition,  temperature,  and 
structural  component  material  prop- 
erty data  array  (refer  to  Table  58) 

BLCNTL,  MAXLDS, 
WHVNET,  FUSNET 

S80H 

1 

5438 

I 

Horizontal  tail  material  compression 
yield  strength  at  80°  F (SVF) 

MAXLDS 

S80V 

1 

5452 

I 

Vertical  tail  material  compression 
yield  strength  at  80°  F (SVF) 

MAXLDS 

S80W 

1 

5424 

I 

Wing  material  compression  yield 
strength  at  80°  F (SVF) 

MAXLDS,  WHVNET 

105 


TABLE  21.  COMQN  REGION  VARIABLE  LIST  (CQNT) 


Var 

Name 

Size 

Common 

Loc 

Type 

Description 

Subroutine 

Reference 

TEMPH 

6 

5431 

I 

Horizontal  tail  material  temperature, 
°F,  for  library  values  of  compression 
yield  strength  and  shear  modulus 
(SVF) 

MAXLDS 

1EMPV 

6 

5445 

I 

Vertical  tail  material  temperature, 
°F,  for  library  values  of  compression 
yield  strength  and  shear  modulus 
(SVF) 

MAXLDS 

TEMPW 

6 

5417 

I 

Wing  material  temperature,  °F,  for 
library  values  of  compression  yield 
strength  and  shear  modulus  (SVF) 

MAXLDS 

TLOCAL 

23 

5296 

I 

Ambient  temperature  at  load  condi- 
tions, °R  (SVF) 

BLCNTL 

TSKINF 

23 

5388 

I 

Equilibrium  structure  temperature  at 
load  conditions,  °F  (SVF) 

BLCNTL,  WHVNET 
MAXLDS,  FUSNET 

TSKINR 

23 

5365 

I 

Equilibrium  structure  temperature  at 
load  conditions,  °R  (SVF) 

BLCNTL 

TTOTAL 

23 

5319 

I 

Total  temperature  at  load  conditions, 
°R  (SVF) 

BLCNTL 

T2G 

11 

4426 

1 

Wing  net  torque  at  2g  taxi  at  MDW 
for  wing  fixed  or  forward 

MAXLDS 

VT 

1 

2966 

C 

Vertical  tail  identification  (BB) 

5 = single  tail 

6 = dual  tail 

7 = T-type  tail 

USPAN 

VII 

11 

4635 

I 

Horizontal  tail  content  1 g inertia 
shear  (WLD) 

MAXLDS 

W 

11 

4668 

I 

Vertical  tail  content  1 g inertia 
shear  (WLD) 

MAXLDS 

VW2 

11 

4470 

I 

Wing  only  1 g inertia  shear  for 
wings  fixed  or  forward  (WLD) 

MAXLDS 
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TABLE  21 . CONMDN  REGION  VARIABLE  LIST  (CONCL) 


Var 

Name 

Size 

Common 

Loc 

Type 

Description 

Subroutine 

Reference 

VI 2 

11 

4536 

I 

Wing  and  content  '1  g inertia  shear  at 
BFDW  for  wings  fixed  or  aft  (WLD) 

MAXLDS 

V2G 

11 

4404 

I 

Wing  net  shear  at  2 g taxi  at  MDW  for 
wings  fixed  or  forward  (WLD) 

MAXLDS 

V21 

11 

4503 

I 

Wing  and  content  1 g inertia  shear  at 
MDW  for  wings  fixed  or  forward  (WLD) 

MAXLDS 

V22 

11 

4569 

I 

Wing  and  content  1 g inertia  shear  at 
BFEW  for  wings  fixed  or  forward  (WLD) 

MAXLDS 

V23 

11 

4602 

I 

Wing  and  content  1 g inertia  shear  at 
LDW  for  wings  fixed  or  forward  (WLD) 

MAXLDS 

WLD 

300 

4401 

I 

Structural  component  normalized  iner- 
tia loads  array  (refer  to  Table  59) 

BLCNTL,  MAXLDS 

XMACH 

23 

3604 

C 

Vehicle  mach  number  at  load 
conditions  (BO) 

BLCNTL 

XNET 

132 

4965 

C 

Net  design  loads  array  normalized  to 
room  temperature  reference  (refer  to 
Table  60) 

BLCNTL,  MAXLDS, 
WHVNET 

XNEGNZ 

1 

4403 

I 

Maximum  negative  maneuver  load 
factor  (WLD) 

MAXLDS 

YA 

5 

2993 

c 

Subsonic  lift  curve  slope  parameter 
(BD) 

USPAN 

YB 

20 

2998 

c 

Spanwise  loading  parameters  versus 
taper  ratios  and  span  stations  (BD) 

USPAN 

YC 

5 

3018 

c 

Spanwise  loading  parameter  versus 
span  stations  (BD) 

USPAN 

YS 

15 

3043 

c 

Interpolated  or  unitized  spanwise 
loading  parameter  at  load  evaluation 
stations  (BD) 

USPAN 
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TABLE  22.  BB  ARRAY  VARIABLES 


LOC 

Description 

Subroutine 

Reference 

1 

Vehicle  weight,  lb 

BLCNTL,  BNLDS, 
FATMG,  MAXLDS 

2 

Vehicle  CG,  fuselage  station,  in. 

BLCNTL,  BNLDS 

3 

2 

Vehicle  pitch  inertia,  slug- ft 

BLCNTL,  BNLDS 

4 

2 

Vehicle  yaw  inertia,  slug-ft 

BLCNTL,  BNLDS 

5 

Flap  deflection,  deg 

BLCNTL,  USPAN, 
BNLDS,  SPABM 

6 

Vehicle  vertical  load  factor 

BLCNTL,  BNLDS 

7 

2 

Vehicle  pitch  acceleration,  rad/sec 

BLCNTL,  BNLDS 

8 

2 

Vehicle  yaw  acceleration,  rad/sec 

BLCNTL,  BNLDS 

9 

Vehicle  altitude 

BLCNTL,  BNLDS, 
SPABM,  FATMG, 
FUSNET 

10 

Vehicle  inadi  nunber,  also  FORTRAN  symbol  CMN 

BLCNTL,  BNLDS, 
USPAN,  SPABM, 
FATMG,  FUSNET 

11 

Fuselage  identification  = 0.0 

BLCNTL 

12 

Wing  identification 

1 = fixed  wing 

2 = variable  sweep  wing,  forward  position 

3 * variable  sweep  wing,  aft  position 

BLCNTL,  USPAN, 
FATMG 

13 

Horizontal  tail  identification  =4.0 

BLCNTL,  SPABM 

14 

Vertical  tail  identification/also  FORTRAN  symbol  VT 

5 = single  tail 

6 ■ dual  tail 

7 = T-type  tail 

BLCNTL,  SPABM, 
USPAN 

108 


TABU:  22 . BB  ARRAY  VARIABLES  (CONCL) 


Loc 

Description 

Subroutine 

Reference 

15 

Partial  load  condition  designation  - vehicle  class  and 
condition  number 

BLCNTL 

16 

Vehicle  mach  number  at  previous  load  condition 

BLCNTL 

17 

Swept  6X-station  of  wring  CP  at  wing-body  interface, 
in. 

USPAN 

18 

Swept  6 X- station  of  flap  increment  CP  at 
wing-body  interface,  in. 

USPAN 

19 

Swept  6X-station  of  horizontal  tail  CP  at  horizontal 
tail-body  interface,  in. 

USPAN 

19 

Unit  airload  bending  moment  unswept  at  side  of 
fuselage  from  segment  1 for  use  in  segment  11 

FATMG 

20 

Swept  6X-station  of  vertical  tail  CP  at  vertical 
tail  body  interface,  in. 

USPAN 

20 

Unit  airload  bending  moment  swept  at  outboard  station 
from  segment  1 for  use  in  segment  11 

FATMG 

NOTE 

: BB  array  starts  at  common  location  2953. 
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TABLE  23.  BC  ARRAY  VARIABLES 


i 


Loc 

Description 

Subroutine 

Reference 

■ 

Maximun  design  weight  (MDW) , lb 

BLCNTL,  MAXLDS 

| 

Vehicle  X-CG  with  wings  forward  at  MDW,  fuselage 
station,  in. 

BLCNTL,  MAXLDS 

1 

Vehicle  X-CG  with  wings  aft  at  MDW,  fuselage 
station,  in. 

BLCNTL 

Basic  flight  design  weight  (BFDW) > 
(MIL-A-008860A,  para  6. 2. 1.3),  lb 

BLCNTL 

5 

Vehicle  X-CG  with  wings  forward  at  BFDW,  fuselage 
station,  in. 

BLCNTL,  MAXLDS 

6 

Vehicle  X-CG  with  wings  aft  at  BFDW,  fuselage 
station,  in. 

BLCNTL,  MAXLDS 

7 

Vehicle  pitch  inertia  with  wings  forward  at  BFDW, 
slug- ft2 

BLCNTL 

8 

Vehicle  pitch  inertia  with  wings  aft  at  BFDW, 
slug -ft2 

BLQJTL 

9 

Vehicle  yaw  inertia  with  wings  forward  at  BFDW, 
slug-ft2 

BLCNTL 

10 

Vehicle  yaw  inertia  with  wings  aft  at  BFDW, 
slug- ft2 

BLCNTL 

11 

Landing  design  weight  (LDW) , 
(MIL-A-008860A,  para  6. 2.1.5)  , lb 

BLCNTL 

12 

Vehicle  X-CG  with  wings  forward  at  LEW, 
fuselage  station,  in 

BLCNTL,  MAXLDS 

13 

Positive  maneuver  load  factor  (+NZ)  at  BFDW 
-subsonic  (MIL-A-008861A,  Table  1) 

BLCNTL,  FATMG 

14 

Positive  maneuver  load  factor  (+NZ)  at  BFDW 
-supersonic  (MIL-A-008861A,  Table  1) 

BLCNTL 
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TABLE  23.  BC  ARRAY  VARIABLES  (CONT) 


Loc 

Description 

Subroutine 

Reference 

15 

Negative  maneuver  load  factor  (-Nz)  at  BFDW 
(MIL-A-008861A,  Table  1) 

BLCNTL 

16 

Flaps  down  maneuver  load  factor  (+NZ) 
(MIL-A-008861A,  para  3.19.3) 

BLCNTL 

17 

2 

Pitching  acceleration  at  Ml  for  BFDW,  rad/sec“ 

BLCNTL 

18 

2 

Yawing  acceleration  at  Ml  for  3FDW,  rad/sec 

BLCNTL 

19 

Altitude  at  point  1 on  speed  profile  with  wing 
fixed  or  aft,  ft 

BLCNTL 

20 

Altitude  at  point  2 on  speed  profile  with  wing 
fixed  or  aft,  ft 

BLCNTL 

21 

Altitude  at  point  3 on  speed  profile  with  wing 
fixed  or  aft,  ft 

BLCNTL 

22 

Level- flight  maximun  speed  (M^)  at  altitude  1 
with  wing  fixed  or  aft,  Mach  number 

BLCNTL 

23 

Level- flight  maximun  speed  (N^)  at  altitude  2 
with  wing  fixjd  or  aft,  Mach  number 

BLCNTL 

24 

Level- flight  maximun  speed  (M^)  at  altitude  3 
with  wings  fixed  or  aft,  Mach  number 

25 

Altitude  at  point  1 on  speed  profile  with  wings 
forward  (var  sweep  only) , ft 

BLCNTL 

26 

Altitude  at  point  2 on  speed  profile  with  wings 
forward  (var  sweep  only) , ft 

BLCNTL 

27 

Altitude  at  point  3 on  speed  profile  with  wings 
forward  (var  sweep  only) , ft 

28 

Level- flight  maximun  speed  (N^)  at  altitude  1 
wit];  wings  forward,  Mach  nunber 

BLCNTL 

29 

Level- flight  maximun  speed  (M^)  at  altitude  2 
with  wings  forward,  Mach  nunber 

BLCNTL 
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TABLE  23.  BC  ARRAY  VARIABLES  (CONT) 


Loc 

Description 

Subroutine 

Reference 

30 

Level- flight  maximum  speed  (M^)  at  altitude  3 
with  wings  forward,  mach  number 

31 

Minimum  speed  flaps  up  (Vso)  at  MDW 
(MIL-A-008860A,  para  6.2.2),  knots 

BLCNTL 

32 

Minimum  speed  flaps  down  (Vsl)  at  LEW 
(MIL-A-008860A,  para  6.2.2),  knots 

BLCNTL 

33 

Distance  from  X- reference  point  to  body  nose,  in. 

BNLDS 

34 

Length  of  nose,  in. 

BNLDS 

35 

Nose  volune,  in.3 

BNLDS 

36 

Equivalent  maximum  nose  radius,  in. 

BNLDS 

37 

Body  half-width  at  wing-body  interface,  in. 

USPAN,  SPABM 

38 

Wing  leading  edge  sweep  (wing  fixed  or  aft) , deg 

USPAN 

39 

Wing  reference  axis  sweep  (wing  fixed  or  aft) , deg 

USPAN,  SPABM 

40 

Wing  leading  edge  apex  (wing  fixed  or  aft) , 
fuselage  station,  in. 

BNLDS,  FUSNET 

41 

Wing  chord  at  apex  (wing  fixed  or  aft),  in. 

USPAN 

42 

Wing  taper  ratio  (wing  fixed  or  aft) 

USPAN 

43 

Wing  aspect  ratio  (wing  fixed  or  aft) 

USPAN 

44 

2 

Wing  area  (wing  fixed  or  aft) , ft 

BNLDS,  FATMG 

45 

Wing  span  (wing  fixed  or  aft) , ft 

USPAN,  BNLDS, 
SPABM,  FATMG 

46 

Wing  span  station  1 for  weight  analysis 
(wing  fixed  or  aft),  in. 

USPAN 

• 

Outboard  to 
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TABLE  23.  BC  ARRAY  VARIABLES  (CONT) 


Loc 

Description 

Subroutine 

Reference 

56 

Wing  span  station  11  for  weight  analysis 
(wing  fixed  or  aft),  in. 

USPAN 

57 

Fraction  of  chord  (X/C)  of  wing  reference  axis 
(wing  fixed  or  aft) 

USPAN 

58 

Not  used 

68 

Not  used 

69 

Wing  leading  edge  sweep 

(wing  forward,  variable  sweep  only) , deg 

USPAN 

70 

Wing  reference  axis  sweep 

(wing  forward,  variable  sweep  only) , deg 

USPAN,  SPABM 

71 

Wing  leading  edge  apex  (wing  forward, 
variable  sweep  only),  fuselage  station,  in. 

BNLDS,  FUSNET 

72 

Wing  chord  at  apex  (wing  forward, 
variable  sweep  only),  in. 

USPAN 

73 

Wing  taper  ratio  (wing  forward,  variable  sweep  only) 

USPAN 

74 

Wing  aspect  ratio  (wing  forward,  variable  sweep  only) 

USPAN 

75 

2 

Wing  area  (wing  forward,  variable  sweep  only),  ft 

BNLDS,  FATMG 

76 

Wing  span  (wing  forward,  variable  sweep  only) , ft 

USPAN,  BNLDS, 
SPABM,  FATMG 

77 

Wing  span  station  1 for  weight  analysis  (wing  forward, 
variable  sweep  only),  in. 

USPAN 

• 

Outboard  to 

87 

Wing  span  station  11  for  weight  analysis  (wing  i 

forward,  variable  sweep  only),  in 

USPAN 
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Loc 

Description 

Subroutine 

Reference 

88 

Fraction  of  chord  (X/C)  of  reference  axis 
(wing  forward,  variable  sweep  only) 

USPAN 

89 

Not  used 

99 

Not  used 

100 

Wing  station  (Ypj)  of  inboard  end  of  flap 
(wing  fixed  or  forward),  in. 

USPAN 

101 

Wing  station  (Y^)  of  outboard  end  of  flap 
(wing  fixed  or  forward),  in. 

USPAN 

102 

Fraction  of  chord  (Cp/C)  of  flap  chord 
(wing  fixed  or  forward) 

USPAN,  BNLDS 

103 

Required  flap  deflection 
(wing  fixed  or  forward) , deg 

BLCNTL 

104 

Z-distance  from  vertical  tail  root  to 
horizontal  tail  plane,  in. 

SPABM 

105 

Horizontal  tail  leading  edge  sweep,  deg 

USPAN 

106 

Horizontal  tail  reference  axis  sweep,  deg 

USPAN,  SPABM 

107 

Horizontal  tail  leading  edge  apex, 
fuselage  station,  in. 

BNLDS,  MAXLi'S 

108 

Horizontal  tail  chord  at  apex,  in. 

USPAN,  MAXLDS 

109 

Horizontal  tail  taper  ratio 

USPAN 

110 

Horizontal  tail  aspect  ratio 

USPAN 

111 

2 

Horizontal  tail  area,  ft 

BNLDS 

112 

Horizontal  tail  span,  ft 

USPAN,  SPABM 
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Loc 

Description 

Subroutine 

Reference 

113 

Body  half -width  at  horizontal -body  interface,  in. 

USPAN,  SPABM 

114 

Horizontal  tail  span  station  1 for  weight 
analysis,  in. 

USPAN 

• 

Outboard  to 

124 

Horizontal  tail  span  station  11  for  weight 
analysis,  in. 

USPAN 

125 

Fraction  of  chord  (X/C)  of  horizontal  tail 
reference  axis 

USPAN 

126 

Not  used 

136 

Not  used 

137 

Vertical  tail  leading  edge  sweep,  deg 

USPAN 

138 

Vertical  tail  reference  axis  sweep,  deg 

USPAN,  SPABM 

139 

Vertical  tail  leading  edge  apex,  fuselage  station,  in. 

BNLDS,  MAXLDS 

140 

Vertical  tail  chord  at  apex,  in. 

USPAN,  MAXLDS 

141 

Vertical  tail  taper  ratio 

USPAN 

142 

Vertical  tail  aspect  ratio 

USPAN 

143 

Vertical  tail  area,  ft2 

BNLDS 

144 

Vertical  tail  span,  ft 

USPAN,  SPABM 

145 

Z-distance  vertical  tail  root  to  vertical 
tail-body  interface,  in. 

USPAN,  SPAEM 

146 

Vertical  tail  span  station  1 for  weight  analysis,  in. 

USPAN 

• 

Outboard  to 

■ . 
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Loc 

Description 

Subroutine 

Reference 

156 

Vertical  tail  span  station  11  for  weight  analysis,  in. 

USPAN 

157 

Fraction  of  chord  (X/C)  of  vertical  tail  reference 

axis 

USPAN 

158 

Z-coordinate  of  vertical  tail  root,  in. 

BNLDS 

159 

Not  used 

• 

To 

162 

Not  used 

163 

Carryover  lift  reduction  factor  - wing 

BLCNTL 

164 

Carryover  lift  reduction  factor  - horizontal  tail 

BLCNTL 

165 

Carrover  lift  reduction  factor  vertical  tail 

BLCNTL 

166 

Limit  speed  (Ml)  at  altitude  1 with  wings  fixed 
or  aft,  mach  number 

BLCNTL 

167 

Limit  speed  (Ml)  at  altitude  2 with  wings  fixed 
or  aft,  mach  number 

BLCNTL 

168 

Limit  speed  (Ml)  at  altitude  3 with  wings  fixed 
or  aft,  mach  number 

BLCNTL 

169 

Air  vehicle  service  life,  hours 

FA'IMG 

170 

Air  vehicle  service  landings,  number  of  landings 

FATMG 

171 

Unswept  wing  outboard  station  for  fatigue 
evaluation,  in. 

FATMG 

172 

Weight  ratio  1 (Wl/Wop)  f°r  which  inertia 
moment  is  calculated 

FA’IMG 

173 

Weight  ratio  2 (W2/WqF)  for  which  inertia 
moment  is  calculated 

FATMG 

174 

Weight  ratio  3 (Wj/Wqf)  for  which  inertia 
moment  is  calculated 

FATMG 

175 

Unswept  moment  at  side  of  body  per  unit  load  factor, 
at  weight  ratio  1,  for  wing  fixed  or  aft,  in. -lb 

FAIMG 
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Loc 

Description 

Sub  routine 
Reference 

176 

Unswept  moment  at  side  of  body  per  unit  load  factor, 
at  weight  ratio  2,  for  wing  fixed  or  aft,  in. -lb 

FATMG 

177 

Unswept  moment  at  side  of  body  per  unit  load  factor, 
at  weight  ratio  3,  for  wing  fixed  or  aft,  in. -lb 

FATMG 

178 

Swept  moment  at  outboard  station  per  unit  load  factor, 
at  weight  ratio  1,  for  wing  fixed  or  aft,  in. -lb 

FATMG 

179 

Swept  moment  at  outboard  station  per  unit  load  factor, 
at  weight  ratio  2,  for  wing  fixed  or  aft,  in. -lb 

FATMG 

180 

Swept  moment  at  outboard  station  per  unit  load  factor, 
at  weight  ratio  3,  for  wing  fixed  or  aft,  in. -lb 

FATMG 

181 

Unswept  moment  at  side  of  body  per  unit  load  factor, 
at  weight  ratio  1,  for  wing  foiward  (variable  sweep 
only),  in. -lb 

FATMG 

182 

Unswept  moment  at  side  of  body  per  unit  load  factor, 
at  weight  ratio  2 , for  wing  forward  (variable  sweep 
only),  in. -lb 

FATMG 

183 

Unswept  moment  at  side  of  body  per  unit  load  factor, 
at  weight  ratio  3,  for  wing  forward  (variable  sweep 
only) , in. -lb 

FATMG 

184 

Swept  moment  at  outboard  station  per  unit  load  factor, 
at  weight  ratio  1,  for  wing  forward  (variable  sweep 
only),  in. -lb 

FABG 

185 

Swept  moment  at  outboard  station  per  unit  load  factor, 
at  weight  ratio  2,  for  wing  forward  (variable  sweep 
only),  in. -lb 

FATMG 

186 

Swept  moment  at  outboard  station  per  unit  load  factor, 
at  weignt  ratio  3,  for  wing  forward  (variable  sweep 
only) , in. -lb 

FATMG 

187 

Take  off  weight  (Wqf)  for  fatigue,  lb 

FATMG 
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Description 


Subroutine 

Reference 


188  Landing  weight  (W^p)  for  fatigue,  lb  FATMG 

189  Not  used 

200  Not  used 


TABLE  24.  BO  ARRAY  VARIABLES 


Loc 

Engrg 

Symbol 

Description 

Subroutine 

Reference 

1 

ACNWV 

Condition  identification  code 
A * Air  vehicle  class 

BLCNTL,  BNLDS, 
SPABM 

1 - fighter 

2 * attack 

3 - BI 

4 = BII 

5 - CA 

6 - CT 

CN  = Condition  number  (1  - 23) 

W * Wing  indicator 

1 » fixed  wing 

2 * variable  sweep  wing  - forward 

3 - variable  sweep  wing  - aft 

V * Vertical  tail  indicator 

5 * single  tail 

6 ■ dual  tail 

7 * T-type  tail 

2 

ACMF 

Fuselage  identification  F » 0.0 

BLCNTL 

3 

PZN 

Nose  lift,  lb 

BNLDS,  FUSNET 

4 

PYN 

Lateral  load  on  nose,  lb 

BNLDS 

5 

X-coordinate  of  nose  lift  CP,  in. 

BNLDS,  FUSNET 

6 

PZW(B)/2 

Wing  lift  in  presence  of  body  (outer 
panel)  per  side,  lb 

BNLDS,  FUSNET 

7 

*W(B) 

Y- coordinate  of  wing  lift  in  presence 
of  body,  in. 

BNLDS,  FUSNET 

8 

%(B) 

X-coordinate  of  wing  lift  in  presence 
of  body,  in. 

BNLDS,  FUSNET 
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Loc 

Lngrg 

Symbol 

Description 

Subroutine 

Reference 

9 

PZB(W) 

Body  lift  in  presence  of  wing,  lb 

BNLDS, 

FUSNET 

10 

Xfi(W) 

X-coordinate  of  body  lift,  in. 

BNLDS, 

FUSNET 

11 

PZH/2 

Horizontal  tail  lift  per  side,  lb 

BNLDS, 

FUSNET 

SPABM, 

12 

V~H 

Y-coordinate  of  horizontal  tail  lift,  in. 

BNLDS, 

FUSNET 

SPABM, 

13 

xH 

X-coordinate  of  horizontal  tail  lift,  in. 

BNLDS, 

FUSNET 

14 

Unsymmetrical  horizontal  tail  rolling 
moment,  in. -lb 

BNLDS 

15 

PYV 

Lateral  load  on  vertical  tail  per  vehicle, 
lb 

BNLDS, 

SPABM 

FUSNET, 

16 

zv 

Z-coordinate  of  vertical  tail  load,  in. 

BNLDS, 

FUSNET 

17 

xv 

X-coordinate  of  vertical  tail  load,  in. 

BNLDS, 

FUSNET 

18 

Nz 

Vehicle  vertical  load  factor 

BLCNTL 

MAXLDS 

BNLDS, 

FUSNET 

19 

Ny 

Vehicle  lateral  load  factor 

BNLDS, 

FUSNET 

MAXLDS, 

20 

• 

Q 

2 

Vehicle  pitch  acceleration,  rad/sec 

BNLDS, 

FUSNET 

MAXLDS, 

21 

R 

? 

Vehicle  yaw  acceleration,  rad/sec' 

BNLDS, 

FUSNET 

MAXLDS, 

22 

ACNW 

Wing  identification 

BLCNTL 

23 

YBW 

Body  half  width  at  wing-body  interface,  in. 

SPABM 

24 

SZW  (B) 

Wing  shear  at  wing-body  interface,  lb 

SPABM 
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Engi^ 

Symbol 

Description 

Subroutine 

Reference 

25 

(B) 

Moment  at  wing-body  interface 
(unswept),  in. -lb 

SPABM,  BLCNTL 

26 

NW(B) 

Torque  at  wing-body  interface 
(unswept),  in. -lb 

SPABM 

27 

yawi 

Swept  wing  station  at  tip,  in. 

SPABM 

28 

SZW1 

Shear  at  swept  tip  station,  lh 

SPAEM 

29 

*tawi 

Moment  at  swept  tip  station,  in. -lb 

SPABM 

30 

N1YAW1 

Torque  at  swept  tip  station,  in. -lb 

SPABM 

31 

“b 

Swept  wing  station  11  for  weight 
analysis,  in. 

SPABM 

| 

32 

SZW2 

Shear  at  swept  wing  station  11,  lb 

SPAEM,  MAXLPS 

33 

^ScAlV2 

Moment  at  swept  wing  station  11,  in.*lb 

SPABM,  MAXLPS 

34 

N1YAIV2 

Torque  at  swept  wing  station  11,  in. -lb 

SPABM,  MAXLPS 

• 

Inboard  to 

67 

yawii 

Swept  wing  station  2 for  weight 
analysis,  in. 

SPABM 

68 

SZW11 

Shear  at  swept  wing  station  2 , lb 

SPABM,  MAXLDS 

69 

NIXA11 

Moment  at  swept  wing  station  2,  in. -lb 

SPABM,  MAXLDS, 
BLCNTL 

70 

^Vaii 

Torque  at  swept  wing  station  2,  in. -lb 

SPABM,  MAXLDS 

71 

/ 

YAW12 

Swept  wing  station  1 for  weight  analysis, 
in. 

SPABM 

72 

SZW12 

Shear  at  swept  wing  station  1,  lb 

SPABM,  MAXLPS 

73 

N1XA12 

Moment  at  swept  wing  station  1,  in. -lb 

SPABM,  MAXLDS 

TABLE  24.  BO  ARRAY  VARIABLES  (CONT) 
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Subroutine 
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74 

^Va12 

Torque  at  swept  wing  station  1,  in. -lb 

SPABM,  MAXLDS 

75 

ACNII 

Horizontal  tail  identification 

BLCNTL,  SPABM 

H = 4.0 

76 

Y 

BH 

Body  half  width  at  horizontal  tail -body 
interface,  in. 

SPABM 

77 

SZH(B) 

Horizontal  tail  shear  at  tail-body 
interface,  lb 

SPABM 

78 

NIXH(B) 

Moment  at  horizontal  tail-body  interface 
(unswept),  in. -lb 

SPABM 

79 

N1YH(B) 

Torque  at  horizontal  tail-body  interface 
(unswept),  in. -lb 

SPABM 

80 

yahi 

Swept  horizontal  tail  station  at  tip,  in. 

SPABM 

81 

SZ1I1 

Shear  at  swept  tip  station,  lb 

SPABM 

82 

n1xahi 

Monent  at  swept  tip  station,  in. -lb 

SPABM 

83 

^Sahi 

Torque  at  swept  tip  station,  in. -lb 

SPABM 

84 

Y 

AH2 

Swept  horizontal  tail  station  11  for 
weight  analysis,  in. 

SPABM 

85 

SZHZ 

Shear  at  swept  horizontal  tail 
station  11,  lb 

SPABM,  MAXLDS 

86 

N1XAH2 

Moment  at  swept  horizontal  tail 
station  11,  in. -lb 

SPABM,  MAXLDS 

87 

Torque  at  swept  horizontal  tail  station  11, 
in . - lb 

SPABM,  MAXLDS 

• 

Inboard  to 

124 

YAH12 

Swept  horizontal  tail  station  1 for 
weight  analysis,  in. 

SPABM 
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125 

SZH12 

Shear  at  swept  horizontal  tail  station  1, 
lb 

SPABM,  MAXLDS 

126 

iMXAH12 

Moment  at  swept  horizontal  tail  station  1, 
in . - lb 

SPABM,  MAXLDS 

127 

^ VaI  11 2 

Torque  at  swept  horizontal  tail  station  1, 
in. -lb 

SPABM,  MAXLDS 

128 

ACNV 

Vertical  tail  identification 

BLCNTL,  SPABM 

V = 5,  single  tail 

6,  dual  tail 

7,  T-type  tail 

129 

ZBV 

Z-distance  vertical  tail  root  to  vertical 
tail-body  interface,  in. 

SPABM 

150 

SYV(B) 

Vertical  tail  shear  at  tail-body  interface, 
in. 

SPABM 

131 

NIXV(B) 

Moment  at  vertical  tail-body  interface, 
(unswept),  in. -lb 

SPABM 

132 

N1ZV(B) 

Torque  at  vertical  tail-body  interface, 
(unswept) , in . - lb 

SPABM 

133 

ZAV1 

Swept  vertical  tail  station  at  tip,  in. 

SPABM 

134 

syvi 

Shear  at  tip  station,  lb 

SPABM 

135 

NWl 

Moment  at  tip  station,  in. -lb 

SPABM 

136 

«Z  VI 

Torque  at  tip  station,  in. -lb 

SPABM 

137 

ZAV2 

Swept  vertical  tail  station  11  for 
weight  analysis,  in. 

SPABM 

138 

<SI 

> 

C/?" 

Shear  at  swept  vertical  tail  station  11,  lb 

SPABM,  MAXLDS 

139 

N1XAV2 

Moment  at  swept  vertical  tail  station  11, 
in. -lb 

SPABM,  MAXLDS 
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Engrg 
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Subroutine 

Reference 

140 

MZAV2 

Torque  at  swept  vertical  tail  station  11, 
in. -lb 

SPABM,  MAXLDS 

Inboard  to 

177 

ZA12 

Swept  vertical  tail  station  1 for  weight 
analysis,  in. 

SPABM 

178 

SYV12 

Shear  at  swept  vertical  tail  section  1,  lb 

SPABM,  MAXLDS 

179 

NWl2 

Moment  at  swept  vertical  tail  station  1, 
in. -lb 

SPABM , MAXLDS 

180 

M 

ZAV12 

Torque  at  swept  vertical  tail  station  1, 
in. -lb 

SPABM,  MAXLDS 

181 

MDW 

Maximum  design  weight,  lb 

MAXLDS 

182 

BFDW 

Basic  flight  design  weight,  lb 

MAXLDS 

183 

Total  fuel  at  MDW,  lb 

MAXLDS 

184 

Incremental  fuel  expended  from  MDW  to 
BFDW,  lb 

MAXLDS 

185 

Incremental  payload  expended  from  MDW 
to  BFDW,  lb 

MAXLDS 

186 

Wing  structure  temperature,  °F 

MAXLDS 

187 

Horizontal  tail  structure  temperature.  °F 

MAXLDS 

188 

Vertical  tail  structure  temperature,  °F 

MAXLDS 

189 

Not  used 

200 

Not  .used 

i 


Loc 


Engrg 

Symbol 


201 

223 

223 

224 


246 

247 


620 


Altitude  at 
To 

Altitude  at 
Mach  number 
To 

Mach  number 
Not  used 
To 

Not  used 


NOTE 


Description 


load  condition  1 


, ft 


Subroutine 

Reference 


BLCNTL 


load  condition  23,  ft 
at  load  condition  1 


BLCNTL 

BLCNTL 


at  load  condition  23 


BLCNTL 


1.  BO  array  starts  at  common  location  3381 

2.  This  table  does  not  apply  to  variables  as  they  are  used  in  subroutine 
FATMG . For  subroutine  FA1MG  variables,  refer  to  Table  75. 
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TABLE  25.  BU  .ARRAY  VARIABLES 


Loc 

Engrg 

Symbol 

Description 

Subroutine 

Reference 

1 

CLaiv 

Wing  lift  curve  slope,  per 
radian 

USPAN, 

BNLDS, 

FATMG 

2 

KW(B)A 

Fraction  of  wing  shear  on  out- 
board panel  in  presence  of  body 

USPAN, 

BNLDS , 

SPABM 

3 

YW(B)A 

Y-coordinate  of  wing  outboard 
panel  lift  in  presence  of  body, 
in. 

USPAN, 

BNLDS 

4 

A\(B)A 

X-distance  (from  lea<  lg  edge 
apex)  to  wing  outboard  panel 
lift  in  presence  of  body,  in. 

USPAN, 

BNLDS 

5 

A Y 

B(W)  A 

X-distance  (from  leading  edge 
apex)  to  body  lift  in  presence 
of  wing,  in. 

USPAN, 

BNLDS 

6 

US 

W(SOB) 

Shear  at  wing- body  interface 
due  to  unit  panel  lift,  lb/lb 

USPAN, 

SPABM 

7 

lJMXW(SOB) 

Moment  at  wing- body  interface 
(unswept)  due  to  unit  panel 
lift,  in. -lb/ lb 

USPAN, 

SPABM, 

FATMG 

8 

lJN1YW(SOBJ 

Torque  at  wing- body  interface 
(unswept)  due  to  unit  panel 
lift,  in. -lb/lb 

USPAN, 

SPABM 

9 

17  W1 

Fraction  of  semispan  at 
tip  (1.0) 

USPAN, 

SPABM, 

FATMG 

10 

%2 

Fraction  of  semi span  of  wing 
span  station  11  for  weight 
analysis 

USPAN, 

SPABM, 

FATMG 

11 

77  W3 

Fraction  of  semispan  of  wing 
span  station  10  for  weight 
analysis 

USPAN, 

SPABM, 

FATMG 

• 

To 

126 


i 


TABLE  25.  BU  ARRAY  VARIABLES  (CONT) 


Loc 

Engrg 

Symbol 

Description 

Subroutine 

Reference 

20 

nlV12 

Fraction  of  semispan  of  wing 
span  station  1 for  weight 
analysis 

USPAN,  SPABM,  FATMG 

21 

' 1 IV1 3 

Fraction  of  semispan  at 
root  (0.0) 

USPAN,  FATMG 

22 

“Vi 

Shear  at  wing  tip  due  to 
unit  panel  lift,  lb/lb 

USPAN,  SPABM 

• 

To 

34 

c: 

JS> 

£ 

Shear  at  wing  root  due  to 
unit  panel  lift,  lb/lb 

USPAN,  SPABM 

35 

wm 

Moment  at  wing  tip  (swept)  due 
to  unit  panel  lift,  in. -lb/lb 

USPAN,  SPABM,  FATMG 

• 

To 

47 

LMXIV13 

Moment  at  wing  root  (swept)  due 
to  unit  panel  lift,  in. -lb/lb 

USPAN,  SPABM,  FATMG 

48 

Torque  at  wing  tip  (swept)  due 
to  unit  panel  lift,  in. -lb/lb 

USPAN,  SPABM 

• 

To 

60 

Torque  at  wing  root  (swept)  due 
to  unit  panel  lift,  in. -lb/lb 

USPAN,  SPABM 

61 

Sf 

Normalizing  factor  for 
deflected  flap  load 
distribution 

USPAN,  BNLDS 

62 

Vb)F 

Fraction  of  wing  shear  on  out- 
board panel  due  to  deflected 
flap 

USPAN,  BNLDS, 
SPABM 
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TABLE  25.  BU  ARRAY  VARIABLES  (CONT) 


Loc 

Hngrg 

Symbol 

Description 

Subroutine 

Reference 

63 

YW(B)F 

Y-coordinate  of  wing  outboard 
panel  lift  due  to  deflected 
flap,  in. 

USPAN,  BNLDS 

64 

A\(B)F 

X-distance  (from  leading  edge 
apex)  to  wing  outtoard  panel 
lift  due  to  deflected  flap,  in. 

USPAN,  BNLDS 

65 

A*B(W)F 

X-distncc  (from  leading  edge 
apex)  to  body  lift  due  to 
deflected  flap,  in. 

USPAN,  BNLDS 

66 

USF(S0B1 

Shear  at  wing-  body  interface 
due  to  unit  panel  lift  from 
deflected  flaps,  lb/lb 

USPAN,  SPABM 

67 

lJMXF(SOB) 

Moment  at  wing- body  interface 
lunswept ) due  to  unit  panel 
lift  from  deflected  flaps, 
in. -Lb/lb 

USPAN , SPABM 

68 

^VflSOB) 

Torque  at  wing-body  interface 
(unswept)  due  to  unit  panel  lift 
from  deflected  flaps,  in. -lb/lb 

USPAN,  SPABM 

69 

USF! 

Shear  at  wing  tip  due  to  unit 
panel  lift  from  deflected 
flaps,  lb/ lb 

USPAN,  SPABM 

• 

To 

81 

USF13 

Shear  at  wing  root  due  to  unit 
panel  lift  from  deflected 
flaps,  lb/lb 

USPAN,  SPABM 

82 

"fel 

Moment  at  wing  tip  (swept)  due 
to  unit  panel  lift  from 
defelected  flaps,  in. -lb/lb 

USPAN,  SPABM 
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TABLE  25.  BU  ARRAY  VARIABLES  (CONT) 


Loc 

Engrg 

Symbol 

Description 

Subroutine 

Reference 

94 

“XF13 

Moment  at  wing  root  (swept) 
due  to  unit  panel  lift  from 
deflected  flaps,  in. -lb/ lb 

USPAN,  SPABM 

95 

“•m 

Torque  at  wing  tip  (swept) 
due  to  unit  panel  lift  from 
deflected  flaps,  in. -lb/lb 

To 

USPAN,  SPABM 

107 

“yfis 

Torque  at  wing  root  (swept) 
due  to  unit  panel  lift  from 
deflected  flaps,  in. -lb/ lb 

USPAN,  SPABM 

108 

CLoH 

Horizontal  tail  lift  curve 
slope,  per  radian 

USPAN,  BNLDS 

109 

Vb) 

Fraction  of  horizontal  tail 
lift  on  outboard  panel 

USPAN,  BNLDS,  SPABM 

110 

Y-coordinate  of  horizontal  tail 
lift  (total),  in. 

USPAN,  BNLDS 

111 

X-distance  (from  leading  edge 
apex)  to  horizontal  tail  lift 
(total),  in. 

USPAN,  BNLDS 

112 

IIS 

H(SOB) 

Shear  at  horizontal  tail-body 
interface  due  to  unit  panel 
lift,  lb/lb 

USPAN,  SPABM 

113 

UMXH(SOB) 

Moment  at  horizontal  tail-body 
interface  (unswept)  due  to 
unit  panel  lift,  in. -lb/lb 

USPAN,  SPABM 

114 

UMYH(SOB) 

Torque  at  horizontal  tail -body 
interface  (unswept)  due  to 
unit  panel  lift,  in. -lb/lb 

USPAN,  SPABM 

129 


/ 
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TABLE  25.  BU  ARRAY  VARIABLES  (CONT) 


Loc 

Engrg 

Symbol 

Description 

Subroutine 

Reference 

115 

nHl 

Fraction  of  semispan  at 
horizontal  tail  tip  (1.0) 

USPAN,  SPABM 

116 

nH2 

Fraction  of  semispan  at 
horizontal  tail  span  station  11 
for  weight  analysis 

USPAN,  SPABM 

• 

To 

126 

HI  2 

Fraction  of  semispan  at 
horizontal  tail  span  station  1 
for  weight  analysis 

USPAN,  SPABM 

127 

nH13 

Fraction  of  semispan  at  hori- 
zontal tail  root  station  (0.0) 

USPAN 

128 

USH1 

Shear  at  horizontal  tail  tip  due 
to  unit  panel  lift,  lb/lb 

USPAN,  SPABM 

• 

To 

140 

USH13 

Shear  at  horizontal  tail  root 
due  to  unit  panel  lift,  lb/lb 

USPAN,  SPABM 

141 

“«H1 

Moment  at  horizontal  tail  tip 
(swept)  due  to  unit  panel 
lift,  in. -lb/lb 

USPAN,  SPABM 

• 

To 

153 

‘"XHIS 

Moment  at  horizontal  tail  root 
(swept)  due  to  unit  panel 
lift,  in. -lb/lb 

USPAN,  SPABM 

154 

nHi 

Torque  at  horizontal  tail  tip 
(swept)  due  to  unit  panel 
lift,  in. -lb/lb 

USPAN,  SPABM 

• 

To 

130 


t 
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TABLE  25.  BU  ARRAY  VARIABLES  (COOT) 


Loc 

Engrg 

Symbol 

Description 

Subroutine 

Reference 

166 

“YM3 

Torque  at  horizontal  tail  root 
(swept)  due  to  unit  panel  lift, 
in. -lb/lb 

USPAN,  SPABM 

167 

CYBV 

Vertical  tail  lift  curve  slope, 
per  radian 

USPAN,  BNLDS 

168 

Vb) 

Fraction  of  vertical  tail  load 
on  exposed  panel 

USPAN 

169 

<J 

Z-distance  to  vertical  tail 
load  measured  from  root,  in. 

USPAN,  BNLDS 

170 

AXv 

X-distance  (from  leading  edge 
apex)  to  vertical  tail  load,  in. 

USPAN,  BNLDS 

171 

IIS 

U V (SOB) 

Shear  at  vertical  tail -body 
interface  due  to  unit  surface 
load,  lb/lb 

USPAN,  SPABM 

172 

^WtSOB) 

Moment  at  vertical  tail-body 
interface  (unswept)  due  to 
unit  surface  load,  in. -lb/lb 

USPAN,  SPABM 

173 

^Vv(SOB) 

Torque  at  vertical  tail-body 
interface  (unswept)  due  to 
unit  surface  load,  in. -lb/ lb 

USPAN,  SPABM 

174 

nVl 

Fraction  of  span  at  vertical 
tail  tip  (1.0) 

USPAN,  SPABM 

175 

nV2 

Fraction  of  span  at  vertical 
tail  span  station  11  for 
weight  analysis 

USPAN,  SPABM 

• 

To 

185 

nV12 

Fraction  of  span  at  vertical 
tail  span  station  1 for 
weight  analysis 

USPAN,  SPABM 
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TABU!  25.  BU  ARRAY  VARIABLES  (OONCL) 


Loc 

Engrg 

Symbol 

Description 

Subrout ine 
Reference 

186 

%3 

Fraction  of  span  at  vertical 
tail  root  station  (.0.0) 

USPANi 

L87 

USV1 

Shear  at  vertical  tail  tip,  due 
to  unit  surface  load,  lb/ lb 

USPANi , SPABM 

■ 

To 

199 

USV13 

Shear  at  vertical  tail  root 
due  to  unit  surface  load, 
lb/lb 

USPANi,  SPABM 

200 

“Sm 

Moment  at  vertical  tail  tip 
(swept)  due  to  unit  surface 
load,  in. -lb/ lb 

USPANI , SPABM 

• 

To 

212 

“Sons 

Moment,  at  vertical  tail  root 
(swept)  due  to  unit  surface 
load,  in.-lb/lb 

USPANI,  SPABM 

i 

213 

UM 

ZV1 

Torque  at  vertical  tail  tip 
(swept J due  to  unit  surface 
load,  in.-lh/lb 

To 

Torque  at  vertical  tail  root 
(swept)  due  to  unit  surface 
load,  in.-lb/lb 

USPANI , SPABM 

225 

UM 

ZV13 

USPANI , SPABM 

226 

PZW(BJA 

Wing  lift  in  presence  of  body 
due  to  angle  of  attack,  lb 

BNLDS,  SPABM 

227 

PZW(BJF 

Wing  lift  in  presence  of  body 
due  to  flap  deflection,  lb 

BM.DS,  SPABM 

228 

p:n 

Horizontal  tail  lift  normal 
to  planform,  lb 

BNI.DS,  SPABM 

NOTH 

BU  array  starts  at  common  location  3153 
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TABLE  26.  DB  ARRAY,  SUBSONIC  AERODYNAMIC  DATA 


Loc 

Value 

Engrg 

Symbol 

Description 

1 

0.0 

AB1 

Compressible  sweep  parameter  1,  deg 

2 

15.0 

AB2 

Compressible  sweep  parameter  2,  deg 

3 

30.0 

AB3 

Compressible  sweep  parameter  3,  deg 

4 

45.0 

AB. 

4 

Compressible  sweep  parameter  4,  deg 

5 

60.0 

ABS 

Compressible  sweep  parameter  5,  deg 

6 

75.0 

AB6 

Compressible  sweep  parameter  6,  deg 

7 

1.5 

BA/K1 

Aspect  ratio  parameter  1 

8 

2.5 

ba/k2 

Aspect  ratio  parameter  2 

9 

3.5 

BA/k3 

Aspect  ratio  parameter  3 

10 

4.5 

BA/K4 

Aspect  ratio  parameter  4 

11 

6.0 

BA/k5 

Aspect  ratio  parameter  5 

12 

8.0 

8A/K6 

Aspect  ratio  parameter  6 

13 

10.0 

ba/k7 

Aspect  ratio  parameter  7 

14 

1.355 

V/clcav 

Spanwise  loading  parameter  at  BA/Kj,  AB^, 

• 

■ 

• • 

Refer  to  Table  27  for  complete  spanwise 

• 

• 

• 

loading  parameter  values. 

685 

1.270 

C«C/CLCAV 

Spanwise  loading  parameter  at  A/K^,  AB^,  rj^,  X^ 

686 

0.0335 

BCjtt/K 

Lift-curve  slope  parameter  at  BA/K^,  AB^,  X^,  per 
degree 

• 

• 

• 

Refer  to  Table  28  for  complete  lift-curve 

• 

• 

• 

slope  parameter  values. 

853 

0.0240 

BCjOf/K 

Lift-curve  slope  parameter  at  BA/  AB^,  X^,  per 

degree 

NOTE 


1.  DB  array  starts  at  common  location  156. 

2.  The  normalized  spanwise  stations  (rj)  and  the  taper  ratios  referenced  in 
this  table  are  defined  in  the  DT  array.  (Refer  to  Table  50,) 

3.  This  arrary  is  stored  in  permanent  data  file  record  2,  read  in  BLCNTL, 

and  used  in  USPAN 
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TABLE  27.  SUBSONIC  SPANWISE  LOADING  PARANETER  VARIABLES  IN  DB  ARRAY 


O O r\j  -*•  \C  SO  O 

O *— 1 r— < *“H  rH 

tO  fO  to  to  to  to  to 


r j lO  lO  o O lt>  lO 
tO  h K1  O CO  t O 
H H H O O O 


to  o O O LO  o o 
oootor^f—tor^ 
•h  »h  o Ci  -o 


O O O C3 


O M O O LO  o o 
h N t I/)  1/1  O 

to  to  to  to  to  to  to 


LO  o LO  o o o o 

5 H o M t N 

n t'l  n n h h h 


rj  io  o o O O O 

t oc  C LO  H LO 

C'  J H ■— i O ~ CTi 


LO  N N N O C ^ 

N LO  h 00  o to 
to  to  tO  tO  rf  -t  *t 


rj  oo  r*.  o o w 
cc  o o to  to 

rj  (^1  CM  <vj  rj  rj  r j 


LO  o O O O © © 
,3  n O 30  lO  rl 
M n rg  ~ i © 


r-H  «-H 


O o t/i  © t''  rf.  o 
<t  oo  o w ifl  3i  n 
to  to  It  >t  T 1/1 


a ''I  LO  t^  O r)  lO 

© © O O — • fH  1-H 

1-0  to  (O  IO  to  to  to 


O © LT1  O CD  © O 

00  N l/l  t to  H c 

ri  r-j  /'I  rj  r|  rj  /VJ 


LT1  UO  o o o o o 

LO  O Ul  « N » H 
tO  *t  "t  i/l  LO  iO 


h N i C N O O 

O t^l  'T  \D  oo  O OJ 

t-O  tO  lO  tO  lO  Tf  t 


O r J t-f,  o c LO 


3.  31  31  Ol  31  O Q 
rj  n N rt  ri  to  to 


tt  O ID  M 00  tf  O 
H N N tO  tO  tt  Lfl 


\G  ri  00  •-  O vO  f-l 

t-n  o o t--  oo  oo  co 


00  <J  O O ^ so 
J1  O H H Ot  OJ  to 


1/1  1/1  U1  Ifl  O o o 


1/1  1/1  l/l  ifl  o o o 


I/O  LO  i/I  L/l  o o o 


H N to  <t  lO  M O 


H IN  tO  tf  O M O 


H N tO  tf  vO  M O 


O O O O O O O 


l/l  l/l  l/l  l/t  1/1  1/1  l/l 
(NJ  (VJ  Csl  <N|  fSI  fSJ  (S| 


O O O O O O O 
l/l  l/l  1/1  l/l  1/1  1/110 


o o o o o o o 


o o o o o o o 


o o o o o o o 


o o o © o o o 


o o o o o o o 


o o o o o o o 


o o o o o o o 
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TABLE  27.  SUBSONIC  S PANWISE  LOADING  PARAMETER  VARIABLES  IN  !)B  ARRAY  (CONT) 


O O O O O O O 
OY  lO  o lO  O LO 
33  N N O ^ ^ 'O 


O O LO  O O O LO 
H rO  O N O ^ 
N N N N N tO  N 


O O LO  LO  O 
in  m ro  ^ n 


3 

o 

3 

LO 

3 

o 

LO 

LO 

o 

lO 

o 

o 

o 

LO 

LO 

■o 

•o 

LO 

c% 

o 

20 

o 

rf 

o 

r- 

o 

H 

to 

LO 

© 

00 

■o 

o 

m 
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© 

00 

00 

r* 

• 

LO 

CM 

ri 

rg 

rg 

•^4 

rg 

Osl 

*-H 

• 

fH 

o 

lO 

LO 

l o 

04 

LO 

LO 

L.0 

o 

uO 

© 

cr, 

rT 

00 

rr 

o 

i — i 

rg 

to 

r-- 

X 

X 

o 

ct 

cr» 

00 

X 

r- 
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r 4 

04 

rg 

• 

rg 
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3 

04 

LO 

rg 

o 

rg 
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CM 

to 

LO 

© 

3 

rg 

o 

3 

o 

© 

o 

rg 

tO 

to 

t"- 

o 

X 

X 

X 

X 

X 

n 

T 

o 

3 

© 

X 

rg 

• 

rg 

• 

rj 

rg 

• 

rg 

rg 

rg 

O-^ 
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• 

>— ( 

r- 

o 

LO 

LO 

LO 

3 

o 

LO 

3 

o 

o 

o 

LO 

LO 

to 
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to 

rg 
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to 
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X 

3 

rg 

to 

L0 

3 

r- 

2 

X 

X 

X 

X 

X 

rg 

rg 

rg 

rg 

• 

• 

rH 

• 
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• 

rg 

rg 

• 

n 

rg 

rg 

rg 
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• 

• 

• 
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LO 
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LO 
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■O 
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3 
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© 
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o 

fH 
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I+J  = DB  array  relative  location. 


TABLE  27.  SUBSONIC  SPANWISE  LOADING  PARAMETER  VARIABLES  IN  DB  ARRAY  (CONT) 
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TABLE  27.  SUBSONIC  SPANWISE  LOADING  PARAMETER  VARIABLES  IN  DB  ARRAY  (tJNT) 
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TABLE  27.  SUBSONIC  SPANWISE  LOSING  PARAMETER  VARIABLES  IN  DB  ARRAY  (CONT) 
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TABLE  27.  SUBSONIC  SPANWISE  LOADING  PARAMETER  VARIABLES  IN  DB  ARRAY  (CONCL) 
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TABLE  28.  SUBSONIC  LIFT  CURVE  SLOPE  PARAMETER  VARIABLES  IN  DB  .ARRAY 
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TABLE  28.  SUBSONIC  LIFT  CURVE  SLOPE  PARAMETER  VARIABLES  IN  DB  ARRAY  (CuXCL) 


fNI 

00 

in 

eg 

oo 

in 

tn 

00 

o 

00 

Cl 

cn 

o 

rH 

eg 

•3- 

e^ 

eg 

rH 

rH 

rH 

eg 

CM 

eg 

eg 

o 

o 

O 

o 

o 

o 

o 

o 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

tn 

in 

o 

in 

sO 

00 

e- 

00 

o 

eg 

tn 

rf 

tn 

tn 

tn 

o 

o 

o 

o 

o 

o 

o 

o 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

LO 

o 

CM 

Ln 

tn 

tn 

tn 

tn 

tn 

r -H 

tn 

eg 

pH 

o 

pH 

SO 

o 

m 

tn 

in 

in 

\D 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

tn 

tn 

o 

00 

m 

tn 

in 

eg 

(NJ 

tn 

n- 

tn 

tn 

00 

00 

fO 

r- 

r- 

rn 

in 

in 

>o 

\o 

e- 

o 

o 

o 

o 

o 

o 

o 

o 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

\D  o oo  o cm  o tn 
M O 'O  o 
tt  in  vO  r-  r-  oo 
o o o o o o o 
• •••••• 

o o o o o o o 


r--  to  <n  o o tn  o 

W OO  W K)  Ol 

K)  LO  h-  OO 

o o o o o o o 

o o o o o o o 


Cs|  00  «*  O SO  M 00 

h h n ro  w ^ rr 

00  GO  00  00  00  OO  00 


o 

o 

tn 

tn 

tn 

in 

o 

o 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

00 

o 

rH 

eg 

K) 

SO 

00 

o 

pH 

rH 

o o o o o o o 
o o o o o o o 


I+J  = DB  array  relative  location. 


TABLE  29.  DE  ARRAY,  MANEUVER  LOAD  FACTOR  SPECTRA  TABLES 


Description 


Maneuver  load  factor  spectra  for  fighter  or  attack  class, 
Refer  to  Table  30  for  file  data  values. 

Maneuver  load  factor  spectra  for  BI  class. 

Refer  to  Table  31  for  the  file  data  values. 

Maneuver  load  factor  spectra  for  BII  class. 

Refer  to  Table  32  for  file  data  values. 

Maneuver  load  factor  spectra  for  cargo-assault  class. 
Refer  to  Table  33  for  file  data  values. 

Maneuver  load  factor  spectra  for  cargo -transport  class. 
Refer  to  Table  34  for  file  data  values. 


1.  DE  array  starts  at  common  location  2177. 

2.  This  array  is  stored  in  permanent  data  file  record  6,  which  is  read 
and  used  in  FATMG. 
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TABLE  30.  MANEUVER  LOAD  FACTOR  SPECTRA  FOR  FI  CUTER  OR 
ATTACK  CLASSES  IN  DE  ARRAY 


IE  Array 
Location 
Indicator 


Exceedences  per  1,000  Hours  by  Mission  Segment 

Load 

Factor 

Ascent , 
Cruise, 
Loiter,  or 
Descent 

Air- to 
Ground 
Combat 

Subsonic 

Air-to- 

Air 

Combat 

Supersonic 

Air-to-Air 

Combat 

(V 

Type  1 

Type  2 

Type  3 

Type  4 

0 

20 

40 

60 

80 

10.0 

0 

0 

15 

0 

9.0 

0 

1 

60 

0 

8.0 

0 

15 

230 

16 

7.0 

0.04 

200 

900 

90 

6.0 

1.0 

1,500 

3,400 

500 

S.O 

25 

10,000 

13,000 

2,900 

4.0 

400 

40,000 

50,000 

17,000 

3.0 

3,500 

100,000 

150,000 

90,000 

2.0 

15,000 

175,000 

300,000 

250,000 

1.5 

24,000 

210,000 

390,000 

320,000 

0.5 

0.0 

10,000 

44,000 

16,000 

0.0 

0.0 

350 

4,000 

2,000 

-1.0 

0.0 

7 

350 

45 

-2.0 

0.0 

1 

8 

0.1 

-3.0 

0.0 

0 

0.1 

0 

-4.0 

0.0 

0 

0 

0 

-5.0 

0.0 

0 

0 

0 

-6.0 

0.0 

0 

0 

0 

-7.0 

0.0 

0 

0 

0 

-8.0 

0.0 

0 

0 

0 

NOTE  I + J - EE  array  relative  location 


DE  Array 
Location 
Indicator 

Load  Factor 
(n2) 

Exceedences 
per  1,000  Hours 

100 

120 

1 

6.0 

0 

2 

5.5 

0.5 

3 

5.0 

3 

4 

4.5 

18 

5 

4.0 

70 

6 

3.5 

250 

7 

3.0 

800 

8 

2.5 

2,500 

9 

2.0 

9,200 

10 

1.5 

31 ,000 

11 

0.5 

1,000 

12 

0.0 

350 

13 

-0.5 

1 

14 

-1.0 

0 

15 

-1.5 

0 

16 

-2.0 

0 

17 

-2.5 

0 

18 

-3.0 

0 

19 

-3.5 

0 

20 

-4.0 

0 

NOTE  I + J * DE  array  relative  location 


TABLE  32.  MANEUVER  LOAD  FACTOR  SPECTRA  FOR  BII  CLASS  IN  DE  ARRAY 


IE  Array 
Location 
Indicator 


Load 

Factor 


Exceedences  per  1,000  Hours  by  Segment 

Ascent , 

Cruise  or 

Descent,  or 

High-Altitude 

Low -Altitude 

Refueling 

Penetration 

Penetration 

Type  1 

Type  2 

Type  3 

160 

180 

200 

0 

0 

0.02 

0.12 

0.6 

4 

30 

600 


14,400 

300,000 

300,000 

14,400 

600 


30 

4 

0.6 

0.12 

0.02 

0 

0 


NOTE  I + J ■ DE  array  relative  location 
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TABLE  33.  MANEUVER  LOAD  FACTOR  SPECTRA  FOR 
CARGO  ASSAULT  CLASS  IN  DE  ARRAY 


DE  Array 
Location 
Indicator 

Load 

Factor 

<"z> 

Exceedences  per  1,000  Hours 
by  Segment 

Ascent  or 
Descent 

Type  1 

Cruise 
Tvne  2 

220 

240 

260 

1 

3.8 

0 

0 

2 

3.5 

0.05 

0.02 

3 

3.2 

0.12 

0.05 

4 

2.9 

0.25 

0.11 

5 

2.6 

0.50 

0.25 

6 

2.3 

1.8 

0.54 

7 

2.0 

10 

2 

8 

1.7 

130 

16 

9 

1.4 

1,500 

300 

10 

1.1 

10,000 

11 

0.9 

5,000 

12 

0.6 

100 

30 

13 

0.3 

0.5 

1 

14 

0.0 

0.002 

0.03 

15 

-0.3 

0 

0.001 

16 

-0.6 

0 

0 

17 

-0.9 

0 

0 

18 

-1.2 

0 

0 

19 

-1.5 

0 

0 

20 

-1.8 

0 

0 

NOTE  I + J * DE  array  relative 

location 
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TABLE  34.  MANEUVER  LOAD  FACTOR  SPECTRA  FOR 
CARGO  TRANSPORT  CLASS  IN  DE  ARRAY 


Exceedences  per  1,000  Hours 

by  Segment 

DE  Array 
Location 

Load 

Factor 

(nz) 

Ascent, 

Descent, 

or 

Indicator 

Refuelings 

Cruise 

280 

300 

320 

l 

3.8 

0 

0 

2 

3.5 

0 

0 

3 

3.2 

0.03 

0 

4 

2.9 

0.17 

0 

5 

2.6 

0.90 

0.003 

6 

2.3 

4 

0.05 

7 

2.0 

19 

1 

8 

1.7 

105 

25 

9 

1.4 

1,470 

825 

10 

1.1 

70,000 

30,000 

11 

0.9 

8,000 

1,920 

12 

0.6 

136 

22 

13 

0.3 

0.30 

0.15 

14 

0.0 

0.001 

0.001 

15 

-0.3 

0 

0 

16 

-0.6 

0 

0 

17 

-0.9 

0 

0 

18 

-1.2 

0 

0 

19 

-1.5 

0 

0 

20 

-1.8 

0 

0 

NOTE  I + J = DE  array  relative 

location 

■ 
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TABLE  35.  DP  ARRAY,  FLAP  AERODYNAMIC  DATA 


Loc 

Value 

Engrg 

Symbol 

Description 

1 

0.0 

CF/CIV 

Flap  chord  ratio  1 

2 

0.10 

cr/cw2 

Flap  chord  ratio  2 

3 

0.30 

CF/CW^ 

Flap  chord  ratio  3 

4 

0.65 

cf/cw4 

Flap  chord  ratio  4 

5 

1.00 

cf/cw5 

Flap  chord  ratio  5 

6 

0.575 

x/c1 

Local  CP  for  CF/C^ 

7 

0.520 

x/c_ 

Local  CP  for  CF/CW. 

8 

0.450 

x/c3 

2 

Local  CP  for  CF/CW3 

9 

0.373 

x/c4 

Local  CP  for  CF/CW4 

10 

0.333 

X/C5 

Local  CP  for  CF/CW5 

11 

0.0 

KCF1 

Flap  lift  effectiveness  for  CF/GV^ 

12 

0.390 

kcf2 

Flap  lift  effectiveness  for  CF/GV2 

13 

0.655 

kcf3 

Flap  lift  effectiveness  for  CF/OV3 

14 

0.902 

kcf4 

Flap  lift  effectiveness  for  CF/CW4 

15 

1.000 

kcf5 

Flap  lift  effectiveness  for  CF/GV,. 

16 

0.10 

bf/bWj 

Flap  span  ratio  1 

17 

0.20 

bf/bw2 

Flap  span  ratio  2 

18 

0.30 

bf/bw^ 

Flap  span  ratio  3 

19 

0.40 

bf/bw4 

Flap  span  ratio  4 

20 

0.50 



bf/bw,. 

Flap  span  ratio  5 

TABLE  35.  DF  ARRAY,  FLAP  AERODYNAMIC  DATA  (CONCL) 


Value 

Engrg 

Symbol 

Description 

0.60 

bf/bw' 

o 

Flap  span  ratio  6 

0.70 

bf/bw? 

Flap  span  ratio  7 

0.80 

bf/bw8 

Flap  span  ratio  8 

0.90 

bf/bw9 

Flap  scan  ratio  9 

1.00 

bf/bw1Q 

Flap  span  ratio  10 

0.00 

nl 

Normalized  spanwise  station  1 

0.10 

n2 

Normalized  spanwise  station  2 

0.20 

n3 

Normalized  spanwise  station  3 

0.30 

n4 

Normalized  spanwise  station  4 

0.40 

n5 

Normalized  spanwise  station  5 

0.50 

n6 

Normalized  spanwise  station  6 

0.60 

n7 

Normalized  spanwise  station  7 

0.70 

^8 

Normalized  spanwise  station  8 

0.80 

n9 

Normalized  spanwise  station  9 

0.90 

nio 

Normalized  spanwise  station  10 

1.00 

r,ll 

Normalized  spanwise  station  11 

0.520 

CfiC/CLCAV 

Spanwise  loading  parameter  at  bf/bwp  r|j. 

• 

Refer  to  Table  36  for  complete  spanwise 

• 

loading  parameter  values. 

0.0 

C£C/CLCAV 

Spanwise  loading  parameter  at  bf/bw^,  r|^ 

DF  array  starts  at  common  location  1009. 

This  array  is  stored  in  mass  storage  file  record  3,  read  in  BLCNTL, 
and  used  in  USPAN  and  BNLDS. 


TABLE  36.  FLAP  INCREMENTAL  S PANWISE  LOADING  PARAJMETER  VARIABLES  IN  DF  / 


V''\  A 
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TABLE  37.  DG  ARRAY,  TURBULENCE  FIELD  PARAMETERS 


DG  Array 
Location 
Indicator 

Altitude 

(ft) 

PI 

B1 

(ft/sec) 

P2 

Hi 

L 

(ft) 

1 

J 

0 

12 

24 

36 

48 

60 

1 

0 

1.00000 

2.70 

0.000010 

10.65 

500 

2 

250 

1.00000 

2.70 

0.000010 

10.65 

500 

3 

1,000 

1.00000 

2.70 

0.000010 

10.65 

500 

4 

1,750 

0.42000 

3.02 

0.003300 

5.94 

1,750 

5 

3,750 

0.30000 

3.42 

0.002000 

8.17 

2,500 

6 

7,500 

0.15000 

3.59 

0.000950 

9.22 

2,500 

7 

15,000 

0.06200 

3.27 

0.000280 

10.52 

2,500 

8 

25,000 

0.02500 

3.15 

0.000110 

11.88 

2,500 

9 

35,000 

0.01100 

2.93 

0.000095 

9.84 

2,500 

10 

45,000 

0.00460 

3.28 

0.000115 

8.81 

2,500 

11 

55,000 

0.00200 

3.82 

0.000078 

7.04 

2,500 

12 

65,000 

0.00088 

2.93 

0.000057 

4.33 

2,500 

NOTES 


1.  I + J * DG  array  relative  location. 

2.  DG  array  starts  at  comnon  location  2577. 

3.  This  array  is  stored  in  permanent  data  file  record  8 which  is  read 
and  used  in  FATMG. 
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TABLE  38.  DI  ARRAY,  TAXI  LOAD  FACTOR  SPECTRA 


DI  Array 
Location 
Indicator 


Load  Factor 


Exceedences  per  1,000  Landings 

F,  A,  or 

BII,  Cargo-Assault, 
or  Cargo -Transport 

BI  Class 

Class 

20 

40 

0.00004 

0.00008 

0.0002 

0.0004 

0.001 

0.002 

0.03 

0.06 

0.9 

1.8 

20 

40 

450 

900 

9,000 

18,000 

86,000 

172,000 

330,000 

660,000 

330,000 

660,000 

86,000 

172,000 

9,000 

18,000 

450 

900 

20 

40 

0.9 

1.8 

0.03 

0.06 

0.001 

0.002 

0.0002 

0.0004 

0.00004 

0.00008 

1.9 

1.85 

1.8 

1.7 

1.6 

1.5 

1.4 

1.3 

1.2 

1.1 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.15 

0.1 


NOTES 

1.  I + J ■ DI  array  relative  location. 

2.  DI  array  starts  at  common  location  2517. 

3.  This  array  is  stored  in  permanent  data  file  record  7 which  is 
read  and  used  in  FATWG. 
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TABLE  39.  DP  ARRAY,  SUPERSONIC  AERODYNAMIC  DATA 


Value 

Engrg 

Symbol 

Description 

2.0 

BA1 

Aspect -ratio  parameter  1 

3.0 

BA2 

Aspect -ratio  parameter  2 

4.0 

**3 

Aspect -ratio  parameter  3 

6.0 

BA4 

Aspect -ratio  parameter  4 

12.0 

B\ 

Aspect-ratio  parameter  5 

0.4 

Bnij 

Sweep  parameter  1 

0.6 

Bm2 

Sweep  parameter  2 

0.8 

Bn,3 

Sweep  parameter  3 

1.0 

Bm. 

4 

Sweep  parameter  4 

1.3 

Bm5 

Sweep  parameter  5 

2.0 

Bm, 

0 

Sweep  parameter  6 

3.0 

Bm7 

Sweep  parameter  7 

5.0 

Bm8 

Sweep  parameter  8 

12.0 

Bmg 

Sweep  parameter  9 

1.392 

2 r /Vab 

Spanwise  loading  parameter  at  BA^ , Bm^ , r^,  \ j 

• 

« 

Refer  to  Table  40  for  complete  spanwise 

• 

• 

loading  parameter  values. 

0.270 

2 r/Vob 

Spanwise  loading  parameter  at  BAg,  Bm^,  r^, 

1.  DP  array  starts  at  common  location  1155. 


2.  The  normalized  spanwise  stations  ( n ) and  the  taper  ratios  referenced 
in  this  table  are  defined  in  the  DT  array.  (Refer  to  Table  50.) 

3.  This  array  is  stored  in  permanent  data  file  record  4,  read  in  BLCNTL, 
and  used  in  USPAN. 
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TABLE  40.  SUPERSONIC  SPANWISE  LOADING  PARAMETER  VARIABLES  IN  DP  ARRAY  (CONT) 
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I+J  = DP  array  relative  location 


TABLE  40.  SUPERSONIC  SPANWISE  LOADING  PARAMETER  VARIABLES  IN  DP  .ARRAY  (CONT) 
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I+J  = DP  array  relative  location 


TABLE  40.  SUPERSONIC  SPANWISE  LOADING  PARAMETER  VARIABLES  IN  DP  ARRAY  (CONT) 


1S7 

W'  --  '' 


I+J  = DP  array  relative  location 


TABLE  40.  SUPERSONIC  SPANK  I SE  LOADING  PARAMETER  VARIABLES  IN  DP  ARRAY  (CONCI  1 
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TABLE  41.  DR  ARRAY,  GUST  RESPONSE  FACTORS 


Loc 

Value 

Engrg 

Symbol 

Description 

1 

5.0 

P 

Air  vehicle  mass  ratio  1 

2 

10.0 

P 

Air  vehicle  mass  ratio  2 

3 

20.0 

P 

Air  vehicle  mass  ratio  3 

4 

30.0 

P 

Air  vehicle  mass  ratio  4 

5 

40.0 

P 

Air  vehicle  mass  ratio  5 

6 

60.0 

P 

Air  vehicle  mass  ratio  6 

7 

100.0 

P 

Air  vehicle  mass  ratio  7 

8 

140.0 

P 

Air  vehicle  mass  ratio  8 

9 

200.0 

P 

Air  vehicle  mass  ratio  9 

10 

300.0 

P 

Air  vehicle  mass  ratio  10 

11 

0.002 

C/L 

Average  wing  chord  to  scale  of  turbulence  ratio  1 

12 

0.004 

C/L 

Average  wing  chord  to  scale  of  turbulence  ratio  2 

13 

0.006 

C/L 

Average  wing  chord  to  scale  of  turbulence  ratio  3 

14 

0.010 

C/L 

Average  wing  chord  to  scale  of  turbulence  ratio  4 

15 

0.015 

C/L 

Average  wing  chord  to  scale  of  turbulence  ratio  5 

16 

0.020 

C/L 

Average  wing  chord  to  scale  of  turbulence  ratio  6 

17 

0.040 

C/L 

Average  wing  chord  to  scale  of  turbulence  ratio  7 

18 

0.060 

C/L 

Average  wing  chord  to  scale  of  turbulence  ratio  8 

19 

0.100 

C/L 

Average  wing  chord  to  scale  of  turbulence  ratio  9 

20 

0.130 

K<t 

Gust  response  factor  for  ^ , and  C/L^ 

• 

• 

• 

Refer  to  Table  42  for  complete  gust 

109 

0.747 

K<r 

response  factor  values. 

NOTE 

1.  DR  array  starts  at  common  location  2649 

2 . This  array 

is  stored 

in  permanent  data  file  record  9 which  is  read  and 

used  in  FATMG. 
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TABLE  42.  GUST  RESPONSE  FACTORS  IN  DR  ARRAY 
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DR  array  relative  location 


TABLE  43.  DS  ARRAY,  BLOCKED  MISSION  USAGE  FOR  EIGHT  FLIdfT  SEGMENTS 

Loc.  Description 

1 Blocked  usage  segments  for  fighter  class. 

• 

48  Refer  to  Table  44  for  file  data  values. 

49  Blocked  usage  segments  for  attack  class. 

• 

96  Refer  to  Table  45  for  file  data  values. 

97  Blocked  usage  segments  for  BI  class. 

• 

144  Refer  to  Table  46  for  file  data  values. 

145  Blocked  usage  segments  for  BII  class. 

192  Refer  to  Table  47  for  file  data  values. 

193  Blocked  usage  segments  for  cargo-assault  class. 

240  Refer  to  Table  48  for  file  data  values. 

241  Blocked  usage  segments  for  cargo- transport  class. 

288  Refer  to  Table  49  for  file  data  values. 


NOTE 

1.  DS  array  starts  at  common  location  1889. 

2.  This  array  is  stored  in  permanent  data  file  record  5 which  is  read 
and  used  in  FATMG. 
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TABLE  44.  TYPICAL  BLOCKED  USAGE  SEGMENTS  FOR  FIGHTER  CLASS  IN  DS  ARRAY 
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DS  array  relative  location 


TABLE  45.  TYPICAL  BLOCKED  USAGE  SEGMENTS  FOR  ATTACK  CLASS  IN  DS  ARRAY 
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TABLE  46.  TYPICAL  BLOCKED  USAGE  SEGMENTS  FOR  BI  CLASS  IN  DS  ARRAY 
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NOTE  I + J = DS  array  relative  location 


TABLE  47.  TYPICAL  BLOCKED  USAGE  SEGMENTS  FOR  BII  CLASS  IN  DS  ARRAY 
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DS  array  relative  location 


TABLE  48.  TYPICAL  BLOCKED  USAGE  SEGMENTS  FOR  CARGO -ASSAULT  CLASS  IN  DS  ARRAY 
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TABLE  49.  TYPICAL  BLOCKED  USAGE  SEGMENTS  FOR  CARGO- TRANSPORT  CLASS  IN  DS  ARRAY 
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DS  array  relative  location 


Description 


Normalized  spanwise 
Normalized  spanwise 
Normalized  spanwise 
Normalized  spanwise 
Taper  ratio  1 
Taper  ratio  2 
Taper  ratio  3 
Taper  ratio  4 
Mach  No.  1 
Mach  No.  2 
Mach  No.  3 
Mach  No.  4 
Mach  No . 5 
Mach  No.  6 
Mach  No.  7 
Mach  No.  8 
Mach  No.  9 
Mach  No.  10 
Mach  No.  11 
Mach  No.  12 


station  1 
station  2 
station  3 
station  4 


TABLE  50.  DT  ARRAY,  AERODYNAMIC  DATA  (CONT) 


Loc 

Value 

Engrg 

Symbol 

Description 

21 

1.080 

B/Kj 

Compressible  lift-curve  slope  factor  at 

22 

0.878 

b/k2 

Compressible  lift-curve  slope  factor  at 

23 

0.645 

B/K3 

Compressible  lift-curve  slope  factor  at 

24 

0.500 

b/k4 

Compressible  lift-curve  slope  factor  at  M. 

25 

0.358 

b/k5 

Compressible  lift-curve  slope  factor  at  M. 

26 

0.0 

mb 

Compressible  lift -curve  slope  factor  at  M^ 

27 

0.0 

B/K? 

Compressible  lift -curve  slope  factor  at 

28 

0.0 

1VK8 

Compressible  lift-curve  .slope  factor  at  Mg 

29 

0.0 

Compressible  lift-curve  slope  factor  at  Mg 

30 

0.0 

VK10 

Compressible  lift -curve  slope  factor  at  M^ 

31 

0.0 

B/Ku 

Compressible  lift-curve  slope  factor  at  M^ 

32 

0.0 

VIC12 

Compressible  lift-curve  slope  factor  at  Mp 

33 

0.330 

X/Cj 

Local  wing  CP  at 

34 

0.338 

x/c2 

Local  wing  CP  at  M^ 

35 

0.390 

x/c3 

Local  wing  CP  at 

36 

0.520 

X/C4 

Local  wing  CP  at 

37 

0.560 

X/Cj 

Local  wing  CP  at  M^ 

38 

0.574 

X/C6 

Local  wing  CP  at  M 

39 

0.580 

x/c7 

Local  wing  CP  at  M^ 

40 

0.580 

X 

n 

OO 

Local  wing  CP  at  Mg 
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TABLE  50.  DT  ARRAY,  AERODYNAMIC  DATA  (CONCL) 


j 


/ 


Loc 

Value 

Engrg 

Symbol 

Description 

41 

0.580 

x/c9 

Local  wing  CP  at  Mg 

42 

0.580 

WlO 

Local  wing  CP  at  Mjq 

43 

0.580 

x/cll 

Local  wing  CP  at 

44 

0.580 

x/c12 

Local  wing  CP  at 

45 

0.230 

X/Cj 

Local  tail  CP  at 

46 

0.230 

x/c2 

Local  tail  CP  at  M2 

47 

0.245 

X/C3 

Local  tail  CP  at 

48 

0.313 

X/C4 

Local  tail  CP  at  M. 

4 

49 

0.395 

x/c5 

Local  tail  CPat  M<. 

50 

0.430 

X/C6 

Local  tail  CP  at  M, 
0 

51 

0.442 

X/C7 

Local  tail  CP  at  M? 

52 

0.448 

X/C8 

Local  tail  CP  at  Mg 

53 

0.448 

x/c- 

Local  tail  CP  at  Mg 

54 

0.448 

o 

1— 

u 

X 

Local  tail  CP  at 

55 

0.448 

X/Gu 

Local  tail  CP  at 

56 

0.448 

X/Cu 

Local  tail  CP  at 

NOTE 

1.  DT 

array  starts  at  comnon  location  100. 

2.  This  array  is  stored  in  permanent  data  file  record  1,  read  in  BLCNTL, 
and  used  in  USPAN. 
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TABLE  51.  DUM  ARRAY  VARIABLES 


Loc 

Description 

1 - 11 

Positive  design  airload  shear  times  temperature  normal- 
izing factor  at  wing  weight  analysis  stations  11  to  1 (tip 
to  root) 

12  - 22 

Negative  design  airload  shear  times  temperature  normal- 
izing factor  at  wing  weight  analysis  stations  11  to  1 (tip 
to  root) 

23  - 33 

Positive  design  airload  bending  moment  times  temperature 
normalizing  factor  at  wing  weight  analysis  stations 
11  to  1 

34  - 44 

Negative  design  airload  bending  moment  times  temperature 
normalizing  factor  at  wing  weight  analysis  stations 
11  to  1 

45  - 55 

Positive  design  airload  shear  times  temperature  normal- 
izing factor  at  horizontal  tail  weight  analysis  stations 
11  to  1 

56  - 66 

Negative  design  airload  shear  times  temperature  normal- 
izing factor  at  horizontal  tail  weight  analysis  stations 
11  to  1 

67  - 77 

Positive  design  airload  bending  moment  times  temperature 
normalizing  factor  at  horizontal  tail  weight  analysis 
stations  11  to  1 

78  - 88 

Negative  design  airload  bending  moment  times  temperature 
normalizing  factor  at  horizontal  tail  weight  analysis 
stations  11  to  1 

89  - -99 

Positive  design  airload  shear  times  temperature  normal- 
izing factor  at  vertical  tail  weight  analysis  stations 
11  to  1 

100  - 110 

Negative  design  airload  shear  times  tempera *.ure  normal  - 
izing  factor  at  vertical  tail  weight  analysis  stations 
11  to  1 

| 

111  - 121 

Positive  design  airload  bending  moment  times  temperature 
normalizing  factor  at  vertical  tail  weight  analysis 
stations  11  to  1 

171 


TABLE  51 . DUM  .ARRAY  VARIABLES  (CONCL) 


Loc 

Description 

122  - 132 

Negative  design  airload  bending  moment  times  temperature 
normalizing  factor  at  vertical  tail  weight  analysis 
stations  11  to  1 

133  - 143 

Airload  torque  at  positive  design  bending  moment  condition 
times  temperature  normalizing  factor  at  wing  weight 
analysis  stations  11  to  1 

144  - 154 

Airload  torque  at  negative  design  bending  moment  condition 
times  temperature  normalizing  factor  at  wing  weight  analy- 
sis stations  11  to  1 

155  - 165 

Airload  torque  at  positive  design  bending  moment  condition 
times  temperature  normalizing  factor  at  horizontal  factor 
at  horizontal  tail  weight  analysis  stations  11  to  1 

166  - 176 

Airload  torque  at  negative  design  bending  moment  condition 
times  temperature  normalizing  factor  at  horizontal  tail 
weight  analysis  stations  11  to  1 

177  - 187 

Airload  torque  at  positive  design  bending  moment  condition 
times  temperature  normalizing  factor  at  vertical  tail 
weight  analysis  stations  11  to  1 

188  - 198 

Airload  torque  at  negative  design  bending  moment  condition 
times  temperature  normalizing  factor  at  vertical  tail 
weight  analysis  stations  11  to  1 

NOTE  Dl!M  array  starts  at  common  location  5522. 
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TABLE  52.  IDUM  ARRAY  VARIABLES 


Loc 

Description 

1 - 11 

Load  conditions  that  produce  design  net  positive  shear  at 
wing  weight  analysis  stations  11  to  1 

12  - 22 

Load  conditions  that  produce  design  net  negative  shear  at 
wing  weight  analysis  stations  11  to  1 

23  - 33 

Load  conditions  that  produce  design  net  positive  bending 
moment  at  wing  weight  analysis  stations  11  to  1 

34  - 44 

Load  conditions  that  produce  design  net  negative  bending 
moment  at  wing  weight  analysis  stations  11  to  1 

45  - 55 

Load  conditions  that  produce  design  net  positive  shear 
at  horizontal  tail  weight  analysis  stations  11  to  1 

1 

56  - 66 

Load  conditions  that  produce  design  net  negative  shear 
at  horizontal  tail  weight  analysis  stations  11  to  1 

67  - 77 

Load  conditions  that  produce  design  net  positive  bending 
moment  at  horizontal  tail  weight  analysis  stations  11  to  1 

r 

i 

r 

78  - 88 

Load  conditions  that  produce  design  net  negative  bending 
moment  at  horizontal  tail  weight  analysis  stations  11  to  1 

i 

89  - 99 

Load  conditions  that  produce  design  net  positive  shear  at 
vertical  tail  weight  analysis  stations  11  to  1 

f 

f 

/ 

100  - 110 

Load  conditions  that  produce  design  net  negative  shear  at 
vertical  tail  weight  analysis  stations  11  to  1 

111  - 121 

Load  conditions  that  produce  design  net  positive  bending 
moment  at  vertical  tail  weight  analysis  stations  11  to  1 

122  - 132 

Load  conditions  that  produce  design  net  negative  bending 
moment  at  vertical  tail  weight  analysis  stations  11  to  1 

NOTE  IDUM  array  starts  at  cannon  location  4701. 
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TABLE  53.  NT)  ARRAY  VARIABLES 


Loc 

Variable 

Name 

Description 

Subroutine 

Reference 

1 

Not  used 

12 

Not  used 

13 

NA 

Air  vehicle  category  indicator 

1 = fighter  (F) 

2 = attack  (A) 

3 = tactical  bomber  (BI) 

4 = strategic  bomber  (BII) 

5 = cargo  assault  (CA) 

6 = cargo  transport  (CT) 

BLCNTL,  PATMG 

14 

Wing  type  indicator 
-1  = fized  wing 
1 = variable  sweep  wing 

BLCNTL,  FATMG 

15 

Vertical  tail  type  indicator 
-1  = single  tail 

0 = dual  tail 

1 = T-type  tail 

BLCNTL,  BNLDS, 
SPABM 

16 

Load  calculation  option  indicator 
-1  = basic  loads  only 

0 = fatigue  spectra  only 

1 = basic  loads  and  fatigue  spectra 

BLCNTL 

17 

Not  used 

22 

Not  used 

23 

Basic  load  calculation  option 
indicator 

1 = compute  all  loads  (fuselage, 
wing,  horizontal,  vertical) 

0 * compute  loads  as  indicated  by 
following  controls  (ND(24) 
through  ND(27)) 

BLCNTL,  USPAN, 
BNLDS,  SPABM, 
MAXLDS,  WHVNET 
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TABLE  53.  ND  ARRAY  VARIABLES  (CONT) 


Loc 

Variable 

Name 

Description 

Subroutine 

Reference 

24 

Fuselage  load  calculation  option 
indicator 

1 * compute  fuselage  loads 
0 = do  not  compute  fuselage  loads 

BLCNTL,  USPAN, 
BNLDS 

25 

Wing  load  calculation  option  indicator 
1 ■ compute  wing  loads 
0 = do  not  compute  wing  loads 

BLCNTL,  USPAN, 
SPABM,  MAXLDS, 
WHVNET 

26 

Horizontal  tail  load  calculation 
option  indicator 

1 = compute  horizontal  tail  loads 
0 ■ do  not  compute  horizontal 
tail  loads 

BLCNTL,  USPAN, 
SPABM,  MAXLDS, 
WHVNET 

27 

Vertical  tail  load  calculation  option 
indicator 

1 = compute  vertical  tail  loads 
0 =«  do  not  compute  vertical  tail 
loads 

BLCNTL,  USPAN, 
SPABM,  MAXLDS, 
WHVNET 

28 

Load  conditions  1 through  5 (+Nz) 
calculation  option  indicator 

1 ■ compute  loads  for  conditions 
0 “ do  not  compute  loads 

BLCNTL 

29 

Load  conditions  6 and  7 (-N  ) calcu- 

z 

lation  option  indicator 

1 ■ compute  loads  for  conditions 
0 » do  not  compute  loads 

BLCNTL 

30 

Load  condition  8,  flaps  down  maneuver, 
calculation  option  indicator 

1 » compute  loads  for  condition 
0 = do  not  compute  loads 

BLCNTL 

31 

Load  condition  9,  1 g flaps  down  trim, 
calculation  option  indicator 
1 ■ compute  loads 
0 * do  not  compute  loads 

BLCNTL 
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TABLE  53.  ND  ARRAY  VARIABLES  (COOT) 


Loc 

Variable 

Name 

Description 

Subroutine 

Reference 

32 

Load  conditions  10  through  13, 
positive  vertical  gust,  calculation 
option  indicator 
1 = compute  loads 
0 = do  not  compute  loads 

BLCNTL 

33 

Load  conditions  14  through  17,  nega- 
tive vertical  gust,  calculation  option 
indicator 

1 = compute  loads 
0 = do  not  compute  loads 

BLCOTL 

34 

Load  conditions  18  and  19,  lateral 
gust,  calculation  option  indicator 
1 = compute  loads 
0 = do  not  compute  loads 

BLCNTL 

35 

Load  conditions  20  and  21,  pitching 
acceleration,  calculation  option 
indicator 

1 = compute  loads 
0 = do  not  compute  loads 

BLCNTL 

36 

Load  conditions  22  and  23,  yawing 
acceleration,  calculation  option 
indicator 

1 = compute  loads 
0 = do  not  compute  loads 

BLCNTL 

37 

Not  used 

38 

Not  used 

39 

Fatigue  spectra  option  indicator 
-1  = compute  gust  and  maneuver 
spectra 

1 = compute  gust  spectra  only 

BLCNTL,  FATMG 
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TABLE  53.  ND  ARRAY  VARIABLES  (CONT) 


4 


Loc 

Variable 

Name 

Description 

Subroutine 

Reference 

40 

Not  used 

100 

Not  used 

101 

I 

Scratch  counter  and  load  condition 
counter 

BLCNTL , MAXLDS 

102 

Not  used 

103 

Not  used 

104 

Not  used 

105 

IN 

Load  calculation  control,  if  ND(28) 
through  ND(36)  * 0,  then  set  ND(28) 
through  ND(36)  ■ 1 

BLCNTL 

106 

NI 

Load  condition  grouping  indicator 

1 * conditions  1 through  7 

2 3 condition  8 

3 = condition  9 

4 * conditions  10  through  13 

5 3 conditions  14  through  17 

6 s conditions  18  and  19 

7 * conditions  20  and  21 

8 3 conditions  22  and  23 

BLCNTL,  BNLDS 

107 

Not  used 

108 

NF 

Loads  distribution  calculation  control 
-1  3 all  surfaces 
1 3 wing  only,  flaps  up 

BLCNTL,  USPAN, 
FATNG 

109 

Condition  1 indicator 
1 3 compute  loads 
0 3 do  not  compute  loads 

BLCNTL,  MAXLDS, 
FUSNET 
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TABLE  53.  ND  ARRAY  VARIABLES  (CONT) 


Variable 

Subroutine 

Loc 

Name 

Description 

Reference 

Condition  2 indicator 
1 = compute  loads 
0 = do  not  compute  loads 

Condition  3 indicator 

Condition  4 indicator 

Condition  5 indicator 

Condition  6 indicator 

Condition  7 indicator 

Condition  8 indicator 

Condition  9 indicator 

Condition  10  indicator 

Condition  11  indicator 

Condition  12  indicator 

Condition  13  indicator 

Condition  14  indicator 

Condition  15  indicator 

Condition  16  indicator 

Condition  17  indicator 

Condition  18  indicator 

Condition  19  indicator 

Condition  20  indicator 


BLCNTL , MAXLDS 
FUSNET 


BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL , 
FUSNET 
BLOTL, 
FUSNET 
, BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 
BLCNTL, 
FUSNET 


MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 
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TABLE  53.  ND  ARRAY  VARIABLES  (CONT) 


Loc 


Variable 

Name 


[3 


N1 


Description 

Subroutine 

Reference 

Condition  21  indicator 
Condition  22  indicator 
Condition  23  indicator 
Scratch  counter 

BLC.XTL,  MVXI.PS, 
I T ISM : 1 

BLCXTL,  MAXI. MS, 
FUSNFT 

BLC.VIL,  mwlhs, 
MIS  Mil' 

USPAN 

Scratch  counter 

USPAN 

Scratch  counter 

USPAN 

Scratch  counter 

USP.AX 

Surface  indicator 

1 = wing  (basic) 

2 = deflected  flaps 

3 = horizontal  tail 

4 = single  or  dual  vertical  tail 

5 ■ T-type  tail 

USPAN 

Wing  type  and  position  indicator 
-1  = fixed  wing 

0 = variable  sweep  wing,  forward 

position 

1 = variable  sweep  wing,  aft 

position 

USPAN,  BNLDS , 
SPABM,  RJSXI-T 

Curve  value  counter 

FC0DN12 

Number  of  curves  interpolations 

FC0DM2 

Scratch  counter 

FC0DM2 

Scratch  counter 

FC0DM2 

Curve  family  data  location  counter 

FC0DM2 

Number  of  data  points  describing  the 
function 

C0DIM2 
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TABLE  53.  ND  ARRAY  VARIABLES  (CONT) 


Loc 

Variable 

Name 

Description 

Subroutine 

Reference 

144 

J 

Data  point  location  counter 

COD I M2 

145 

JJ 

Data  point  region  indicator 

C0DIM2 

146 

K 

Scratch  counter 

COD I M2 

147 

L 

i 

Scratch  counter 

codim: 

148 

M 

; 

Scratch  counter 

CODIM2 

1 

149 

M 

Scratch  counter 

USPAN 

150 

nt 

Surface  indicator 

1 = wing 

2 = body  in  presence  of  wing 

3 = horizontal  tail 

4 = vertical  tail 

BNLDS 

151 

i 

Scratch  counter 

HNLDS 

152 

J 

Scratch  counter 

BNLDS 

153 

K 

Scratch  counter 

BNLDS 

154 

IU 

Surface  indicator 

1 = wing  (basic) 

2 = deflected  flaps 

3 = horizontal  tail 

4 = dual  vertical  tail 

5 = single  vertical  tail 

6 = T-type  tail 

SPABM 

155 

I 

Scratch  counter 

SPABM 

156 

J 

Scratch  counter 

SPABM 

157 

K 

Scratch  counter 

SPABM 

158 

L 

Scratch  counter 

SPABM 

/ 
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TABLE  53 . ND  ARRAY  VARIABLES  (CONT) 


Loc 

Variable 

Name 

Description 

Subroutine 

Reference 

159 

M 

Scratch  counter 

SPABM 

160 

NS 

Mission  segment  counter 

FATMG 

161 

NG 

Scratch  counter 

FATMG 

162 

NN 

Scratch  counter 

FATMG 

163 

NY 

Mission  segment  type  for  DE  file 
access 

FATMG 

Value 

A/V 

Class 

Segment 

1 

F,  A 

ascent,  cruise,  loiter, 
or  descent 

2 

F,  A 

air-to-ground  combat 

3 

F,  A 

subsonic  air-to-air 
combat 

4 

F,  A 

supersonic  air-to-air 
combat 

1 

BI 

all  mission  segments 

1 

BII 

ascent,  descent,  or 
refueling 

2 

BII 

cruise  or  high-altitude 
penetration 

• 

3 

BII 

low-altitude 

penetration 

1 

CA,  CT 

ascent,  descent,  or 
refueling 

2 

CA,  CT 

cruise 
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TABLF  54.  RC  ARRAY  \'ARIABI.F.S 


Loc 

Description 

1 - 11 
2 _ TO 

23  - 33 
34  - 44 

Ratios  of  shear  clue  to  contents  at  positive  net  shear 
condition  to  shear  due  to  contents  at  BFPIV  for  wing 
weight  analysis  stations  11  to  1 

Ratios  of  shear  due  to  contents  at  negative  net  shear 
condition  to  shear  due  to  contents  at  BFPK  for  uing 
weight  analysis  stations  11  to  1 

Ratios  of  bending  moment  due  to  contents  at  positive  net 
bending  moment  condition  to  bending  moment  due  to  con- 
tents at  BFPIV  for  wing  weight  analysis  stations  11  to  1 

Ratios  of  bending  moment  due  to  contents  at  negative  net 
bending  moment  condition  to  bending  moment  due  to  con- 
tents at  BFDIV  for  wing  weight  analysis  stations  11  to  1 

NOTE  RC  array  starts  at  common  location  5220. 

183 

v 


i 


- 


TABU:.  55.  rx:  array  variables 


Loc 

Description 

1 - 11 

Ratios  of  load  factor  at  positive  net  shear  condition  to 
maximum  positive  load  factor  for  wing  weight  analysis 
stations  11  to  1 

12  _ 

Ratios  of  load  factor  at  negative  net  shear  condition  to 
maximum  negative  load  factor  for  wing  weight  analysis 
stations  11  to  1 

23  • 53 

Ratios  of  load  factor  at  positive  net  bending  moment  con 
dition  to  maximum  positive  load  factor  for  wing  weight 
analysis  stations  11  to  1 

54  - 44 

Ratios  of  load  factor  at  negative  net  bending  moment  con- 
dition to  maximum  negative  load  factor  for  wing  weight 
analysis  stations  1 1 to  1 

45  - 55 

Ratios  of  load  factor  at  positive  net  shear  condition  to 
maximum  positive  load  factor  for  horizontal  tail  weight 
analysis  stations  11  to  1 

56  - 66 

Ratios  of  load  factor  at  negative  net  shear  condition  to 
maximum  negative  load  factor  for  horizontal  tail  weight 
analysis  stations  11  to  1 

6"  - ■’’» 

Ratios  of  load  factor  at  positive  net  bending  moment  con- 
dition to  maximum  positive  load  factor  for  horizontal 
tail  weight  analysis  stations  11  to  1 

78  - 88 

Ratios  of  load  factor  at  negative  net  bending  moment  con- 
dition to  maximum  negative  load  factor  for  horizontal 
tail  weight  analysis  stations  11  to  1 

89  - 99 

Ratios  of  load  factor  at  positive  net  shear  condition  to 
maximum  positive  load  factor  for  vertical  tail  weight 
analysis  stations  11  to  1 

o 

T““1 

1 

o 

Ratios  of  load  factor  at  negative  net  shear  condition  to 
maximum  negative  load  factor  for  vertical  tail  weight 

analysis  stations  11  to  1 
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Loc  Description 

111  - 121  Ratios  of  load  factor  at  positive  net  bending  moment  con- 
dition to  maximum  positive  load  factor  for  vertical  tail 
weight  analysis  stations  11  to  1 

122  - 132  Ratios  of  load  factor  at  negative  net  bending  moment  con- 
dition to  maximum  negative  load  factor  for  vertical  tail 
weight  analysis  stations  11  to  1 


NOTE  RNZ  array  starts  at  common  location  5097. 
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TABLE  56.  SAVE  ARRAY  VARIABLES 


I.oc 

Description 

1 - 11 

Design  positive  airload  shear  at  wing  weight  analysis 

stations  11  to  1 

JO  _ 0 

Design  negative  airload  shear  at  wing  weight  analysis 

stations  11  to  1 

23  - 35 

Design  positive  airload  bending  moment  at  wing  weight 

analysis  stations  11  to  1 

34  - 44 

Design  negative  airload  bending  moment  at  wing  weight 

analysis  stations  11  to  1 

45  - 55 

Design  positive  airload  shear  at  horizontal  tail  weight 

analysis  stations  11  to  1 

56  - 66 

Design  negative  airload  shear  at  horizontal  tail  weight 

analysis  stations  11  to  1 i 

' 

67  - 7" 

Design  positive  airload  bending  moment  at  horizontal  tail 

weight  analysis  stations  11  to  1 

78  - 88 

Design  negative  airload  bending  moment  at  horizontal  tail 

weight  analysis  stations  11  to  1 

89  - 99 

Design  positive  airload  shear  at  vertical  tail  weight 

analysis  stations  11  to  1 

100  - 110 

Design  negative  airload  shear  at  vertical  tail  weight 

analysis  stations  11  to  1 

111  - 121 

Design  positive  airload  bending  moment  at  vertical  tail 

weight  analysis  stations  11  to  1 

122  - 132 

Design  negative  airload  bending  moment  at  vertical  tail 

weight  analysis  stations  11  to  1 

NOTE  Save  array  starts  at  common  location  4835. 
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TABLE  57.  SAYET  .ARRAY  VARIABLES 


1 - 11 


Description 


Airload  torque  at  positive  design  bending  moment  condi- 
tions at  wing  weight  analysis  stations  11  to  1 

Airload  torque  at  negative  design  bending  moment  condi- 
tions at  wing  weight  analysis  stations  11  to  1 

Airload  torque  at  positive  design  bend  \g  moment  condi- 
tions at  horizontal  tail  weight  analvsis  stations  1 1 to  1 


34  - 44 


Airload  torque  at  negative  design  bending  moment  condi 
tions  at  horizontal  tail  weight  analvsis  stations  11  to 


45  - 55 


56  - 66 


Airload  torque  at  positive  design  bending  moment  condi- 
tions at  vertical  tail  weight  analysis  stations  11  to  1 

Airload  torque  at  negative  design  bending  moment  condi- 
tions at  vertical  tail  weight  analysis  stations  11  to  1 


NOTE  SAVET  array  starts  at  comnon  location  5720. 


TABLE  58.  SVF  ARRAY  V.\RIABI.!:S 


Loc 

Variable  .Name 

Rescript ion 

1 

PS  I (1) 

.Vinbient  pressure  at  load  condition  1,  ps  i 

• 

• 

to 

:5 

PSI  (25) 

.Vmhient  pressure  at  load  condit  ion  25,  ps  i 

24 

n.ocvi.  in 

Ambient  temperature  at  load  condition  1.  8 K 

« 

• 

to 

•k. 

HOC VI.  (.25) 

Ambient  temperature  at  load  condition  °U 

47 

itotai.  u) 

Total  Temperature  at  load  condition  1,  °R 

• 

• 

to 

01) 

no  17 VI.  (.25) 

Total  temperature  at  load  condition  25,  °R 

1 

70 

SFLUX  (1) 

Siut  flux  at  load  condition  1,  BTll/hr  ft  " j 

• 

• 

to 

SFLUX  (25) 

Siut  flux  at  load  condition  25,  BTU/hr/ft” 

05 

TSKINR  (1) 

Hquilibrium  skin  temperature  at  load  condition  l,eR 

• 

• 

to 

115 

TSKINR  (25) 

Hquilibriiun  skin  temperature  at  load  condition  25,  8U 

llo 

TSK1NF  (1) 

liquil ibriiun  skiit  temperature  at  load  condition  1,  °l 

• 

• 

to 

158 

TSKI.NF  ( 25) 

Hquilibrium  skin  temperature  at  load  condition  25,  C1 

150 

STW  (1) 

Wing  material  compression  yield  stress  at  library 
temperature  1,  psi 

• 

• 

to 

144 

stw  (o) 

Wing  material  compression  yield  stress  at  library 
temperature  6,  psi 

145 

H1MPW  (1) 

Wing  material  library  temperature  1,  eF 

• 

• 

to 

150 

THMPW  (0) 

Wing  material  library  temperature  b,  °F 

151 

Nlv’I.NG 

Number  of  values  in  wing  strcss-G-temperaturc  table  [ 

152 

S80W 

Wing  material  compression  yield  stress  at  SO 0 F 

155 

Sill  (1) 

Horizontal  tail  material  compression  yield  stress 

• 

• 

at  library  temperature  1,  psi 

188 


y 


v - -- 


Variable 

Name 

Poser ipt ion 

Sill  (.O') 

Horizontal  tail  material  compression  yield  stress  at  library 
temperature  o,  psi 

mini  (i) 

Horizontal  tail  material  library  temperature  1, 

• 

to 

•n-MPlI  i b) 

Horizontal  tail  material  library  temperature  n,  I; 

M KIR 

Number  of  values  in  horizontal  tail  stress-ti-t  emperat  a:v 
table 

S80II 

Horizontal  tail  material  compression  yield  stress  at  Si)  F 

S1V  (1) 

Vertical  tail  material  compression  yielJ  stress  at  library 
temperature  1,  psi 

• 

to 

srv  10) 

Vertical  tail  material  compression  yield  stress  at  library 
temperature  0,  psi 

TKMPV  (.1 ) 

Vertical  tail  material  library  temperature  l,  °I; 

• 

to 

n;No>\r  to) 

Vertical  tail  material  library  temperature  o,  -F 

wt;r 

Number  of  values  in  vertical  tail  strcss-G*temperature  table 

S80V 

Vertical  tail  material  compression  yield  stress  at  SO  1; 

Note:  SVF  array  starts  at  common  location 


TABLE  59.  WLD  ARRAY  VARIABLES 


Loc 

Variable 

Name 

Descript  ion 

1 

BDGW 

Basic  flight  design  weight  (BFDW) , lb 

•> 

POSNZ 

Maximum  positive  maneuver  load  factor 

5 

xnegn: 

Maximum  negative  maneuver  load  factor 

4 

V2G( 1) 

IVing  net  shear  at  2 g taxi  at  wing  weight  analysis  station  l 
(wing  fixed  or  forward) 

Outboard  to 

14 

V2G(11) 

Wing  net  shear  at  2 g taxi  at  wing  weight  analysis  station  11  . 
(wing  fixed  or  forward) 

1 

15 

BM2G(i  j 

• 

• 

Wing  net  bending  moment  at  2 g taxi  at  wing  weight  analysis 
station  1 (wing  fixed  or  forward) 

Outboard  to 

25 

BM2G(11) 

Wing  net  bending  moment  at  2 g taxi  at  wing  weight  analysis 
station  11  (wing  fixed  or  forward) 

26 

• 

T2G(1) 

• 

Wing  net  torque  at  2 g taxi  at  wing  weight 
analysis  station  1 (wing  fixed  or  forward) 
Outboard  to 

36 

• 

T2G(11) 

Wing  net  torque  at  2 g taxi  at  wing  weight  analysis 
station  11  (wing  fixed  or  forward) 

37 

VW1(1) 

1 

Wing  only  1 g inertia  shear  at  wing  weight  analysis 
station  1 (wing  fixed  or  aft) 

Outboard  to 

47 

VWl(ll) 

Wing  only  1 g inertia  shear  at  wing  weight  analysis 
station  11  (wing  fired  or  aft) 

48 

• 

BMW1(1) 

Wing  only  1 g inertia  bending  moment  at  wing  weight  analysis 
station  1 (wing  fixed  or  aft) 

Outboard  to 

• 

58 

BMVl(ll) 

Wing  only  1 g inertia  bending  moment  at  wing  weight  analysis 
station  11  (wing  fixed  or  aft) 
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TABLE  59.  WLD  ARRAY  VARIABLES  (CONT) 


Loc 

Variable 

Name 

Description 

59 

• 

TW1(1) 

• 

• 

Wing  only  1 g inertia  torque  at  wing  weight  analysis 
station  1 (wing  fixed  or  aft 
Outboard  to 

• 

69 

• 

TWl(ll) 

Wing  only  1 g inertia  torque  at  wing  weight  analysis 
station  11  (wing  fixed  or  aft) 

70 

• 

0 

VW2(1) 

• 

Wing  only  1 g inertia  shear  at  wing  weight  analysis 
station  1 (wing  fixed  or  forward) 

Outboard  to 

80 

• 

VW2(11) 

Wing  only  1 g inertia  shear  at  wing  weight  analysis 
station  11  (wing  fixed  or  forward) 

81 

• 

• 

BMV2(1) 

• 

• 

Wing  only  1 g inertia  bending  moment  at  wing  weight  analysis 
station  1 (wing  fixed  or  forward) 

Outboard  to 

• 

91 

• 

BMW2(11) 

Wing  only  1 g inertia  bending  moment  at  wing  weight  analysis 
station  11  (wing  fixed  or  forward) 

92 

• 

• 

TW2(1) 

• 

• 

Wing  only  1 g inertia  torque  at  wing  weight  analysis 
station  1 (wing  fixed  or  forward) 

Outboard  to 

• 

102 

TW2(11) 

Wing  only  1 g inertia  torque  at  wing  weight  analysis 
station  11  (wing  fixed  or  forward) 

103 

• 

• 

V21(l) 

• 

• 

Wing  and  content  1 g inertia  shear  at  MDW  at  wing  weight 
analysis  station  1 (wing  fixed  or  forward) 

Outboard  to 

• 

113 

• 

V21(ll) 

Wing  and  content  1 g inertia  shear  at  MDW  at  wing  weight 
analysis  station  11  (wing  fixed  or  forward) 

114 

• 

• 

BM2 1(1) 
• 

• 

Wing  and  content  1 g inertia  bending  moment  at  MDW  at  wing 
weight  analysis  station  1 (wing  fixed  or  forward) 

Outboard  to 

• 

124 

• 

BM21(11) 

Wing  and  content  1 g inertia  bending  moment  at  MDW  at  wing 
weight  analysis  station  11  (wing  fixed  or  forward) 

191 


TABLE  59.  WLD  .ARRAY  \'ARIABLLS  (CON'T) 


Loc 

Variable 

Name 

Description 

125 

T2 1(1) 

King  and  content  1 g inertia  torque  at  Ml  Hi  at  wing  weight 
analysis  station  1 (wing  fixed  or  forward) 

Outboard  to 

135 

I 

121(11) 

Wing  and  content  1 g inertia  torque  at  MDW  at  wing  weight 
analysis  station  11  (wing  fixed  or  forward) 

136 

VI 2(1) 

Wing  and  content  1 g inertia  shear  at  BFDW  at  wing  weight 
analysis  station  l (wing  fixed  or  aft) 

Outboard  to 

146 

VI 2(11) 

Wing  and  content  1 g inertia  shear  at  BFDW  at  wing  weight 
analysis  station  11  (wing  fixed  or  aft) 

147 

• 

• 

BM1 2(1) 

• 

Wing  and  content  1 g inertia  bending  moment  at  BFDW  at  wing 
weight  analysis  station  1 (wing  fixed  or  aft) 

Outboard  to  | 

t 

157 

• 

BM1 2(11) 

Wing  and  content  1 g inertia  bending  moment  at  BFDW  at  wing 
weight  analysis  station  11  (wing  fixed  or  aft) 

158 

• 

• 

T1 2(1) 
• 

• 

1 

Wing  and  content  1 g inertia  torque  at  BFDW  at  wing  weight 
analysis  station  1 (wing  fixed  or  aft) 

Outboard  to 

• 

168 

• 

T12(ll) 

Wing  and  content  1 g inertia  torque  at  BFDW  at  wing  weight 
analysis  station  11  (wing  fixed  or  aft)  j 

169 

• 

V22(l) 

• 

• 

Wing  and  content  1 g inertia  shear  at  BFDW  at  wing  weight 
analysis  station  1 (wing  fixed  or  forward) 

Outboard  to 

• 

179 

V22(ll) 

Wing  and  content  1 g inertia  shear  at  BFDW  at  wing  weight 
analysis  station  11  (wing  fixed  or  forward) 

180 

• 

• 

BM22(1) 

• 

Wing  and  content  1 g inertia  bending  moment  at  BFDW  at  wing 
weight  analysis  station  1 (wing  fixed  or  forward) 

Outboard  to 

190 

• 

BM22(11) 

Wing  and  content  1 g inertia  bending  moment  at  BFDW  at  wing 
weight  analysis  station  11  (wing  fixed  or  forward) 

192 


TABLE  59.  WLD  ARRAY  V.ARI.ABLES  (CONT) 


Loc 

Variable 

Name 

Description 

191 

• 

• 

T22(l) 

Wing  and  content  1 g inertia  torque  at  BFDW  at  wing  weight 
analysis  station  1 (wing  fixed  or  forward) 

Outboard  to 

201 

122(11) 

Wing  and  content  1 g inertia  torque  at  BFDW  at  wing  weight 
analysis  station  11  (wing  fixed  or  forward) 

202 

• 

Y23(l) 

« 

Wing  and  content  1 g inertia  shear  at  LOW  at  wing  weight 
analysis  station  1 (wing  fixed  or  forward) 

Outboard  to 

• 

212 

• 

V23(ll) 

Wing  and  content  1 g inertia  shear  at  LDW  at  wing  weight 
analysis  station  11  (wing  fixed  or  forward) 

213 

• 

• 

BM23(1) 

• 

t 

Wing  and  content  1 g inertia  bending  moment  at  LDW  at  wing 
weight  analysis  station  1 (wing  fixed  or  forward) 

Outboard  to 

• 

223 

• 

BM23(11) 

Wing  and  content  1 g inertia  bending  moment  at  LDW  at  wing 
weight  analysis  station  11  (wing  fixed  or  forward) 

224 

• 

• 

T23(l) 

t 

• 

Wing  and  content  1 g inertia  torque  at  LDW  at  wing  weight 
analysis  station  1 (wing  fixed  or  forward) 

Outboard  to 

234 

• 

T23(ll) 

Wing  and  content  1 g inertia  torque  at  LDW  at  wing  weight 
analysis  station  11  (wing  fixed  or  forward) 

235 

• 

• 

VH(1) 

• 

* 

Horizontal  tail  and  content  1 g inertia  shear  at  weight 
analysis  station  1 
Outboard  to 

t 

245 

• 

VH(ll) 

Horizontal  tail  and  content  1 g inertia  shear  at  weight 
analysis  station  11 

246 

• 

BNK(l) 

• 

• 

Horizontal  tail  and  content  1 g inertia  bending  moment  at 
weight  analysis  station  1 
Outboard  to 

• 

256 

• 

BNH(ll) 

Horizontal  tail  and  content  1 g inertia  bending  moment  at 
weight  analysis  station  11 

192 
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TABLE  59.  WLD  ARRAY  VARIABLES  (CCNCL) 


Loc 

Variable 

Name 

Description 

257 

• 

• 

TH(1) 

• 

• 

Horizontal  tail  and  content  1 g inertia  torque  at  weight 
analysis  station  1 
Outboard  to 

• 

267 

• 

TH(ll) 

Horizontal  tail  and  content  1 g inertia  torque  at  weight 
analysis  station  11 

268 

• 

• 

W(l) 

• 

• 

Vertical  tail  and  content  1 g (lateral)  inertia  shear  at 
weight  analysis  station  1 
Outboard  to 

• 

278 

• 

W(ll) 

Vertical  tail  and  content  1 g (lateral)  inertia  shear  at 
weight  analysis  station  11 

279 

• 

• 

BMV(l) 

■ 

• 

Vertical  tail  and  content  1 g (lateral)  inertia  bending 
moment  at  weight  analysis  station  1 
Outboard  to 

• 

289 

• 

BMV(ll) 

Vertical  tail  and  content  1 g (lateral)  inertia  bending 
moment  at  weight  analysis  station  11 

290 

• 

• 

TV(1) 

• 

• 

Vertical  tail  and  content  1 g (lateral)  inertia  torque  at 
weight  analysis  station  1 
Outboard  to 

• 

300 

• 

TV(ll) 

Vertical  tail  and  content  1 g (lateral)  inertia  torque  at 
weight  analysis  station  11 

NOTE:  WLD  array  starts  at  common  location  4401 
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TABLE  60.  XNET  ARRAY  VARIABLES 


Loc 


1 - 


Description 


11 


Net  positive  design  shear  normalized  to  room  temperature 
(80°F)  reference  at  wing  weight  analysis  stations  11  to  1 


12  - 22 


Net  negative  design  shear  normalized  to  room  temperature 
reference  at  wing  weight  analysis  stations  11  to  1 


23  - 33 


Net  positive  design  bending  moment  normalized  to  room 
temperature  reference  at  wing  weight  analysis  stations 


11  to  1 


34  - 44 


45  - 55 


Net  negative  design  bending  moment  normalized  to  room 
temperature  reference  at  wing  weight  analysis  stations 
11  to  1 

Net  positive  design  shear  normalized  to  room  temperature 
reference  at  horizontal  tail  weight  analysis  stations 
11  to  1 


56  - 66 


Net  negative  design  shear  normalized  to  room  temperature 
reference  at  horizontal  tail  weight  analysis  stations 
11  to  1 


67  - 77 


78  - 88 


Net  positive  design  bending  moment  normalized  to  room 
temperature  reference  at  horizontal  tail  weight  analysis 
stations  11  to  1 

Net  negative  design  bending  moment  normalized  to  room 
temperature  reference  at  horizontal  tail  weight  analysis 
stations  11  to  1 


89  - 99 


Net  positive  design  shear  normalized  to  room  temperature 
reference  at  vertical  tail  weight  analysis  stations 
11  to  1 


100  - 110 


111  - 121 


Net  negative 
reference  at 
11  to  1 


design  shear  normalized  to  room  temperature 
vertical  tail  weight  analysis  stations 


Wfei 


positive 
Terence  at 


11  to  1 


bending  moment  normalized  to  room  temperature 
vertical  tail  weight  analysis  stations 
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TABLE  61.  XMISC  ARRAY  VARIABLES  (MISC  BLOCK) 


Loc 

Description 

Subroutine 

Reference 

1 

• 

Controls  and  design  data  used  by  other  program  modules 

/ 

8 

Wing  design  temperature,  temperature  associated  with 
maximum  positive  net  bending  moment  at  root  weight 
analysis  station,  °F 

WHYNHT 

9 

Horizontal  tail  design  temperature,  temperature 
associated  with  maximum  net  bending  moment  at  root 
weight  analysis  station,  °F 

KUVNLT 

1 

i 

10 

Vertical  tail  design  temperature,  temperature 
associated  with  maximum  net  bending  moment  at  root 
weight  analysis  station,  °F 

i 

WHVN'LT 

11 

Controls  and  design  data  used  by  other  program  modules 

14 

15 

Wing  structure  material  identification  number; 
established  in  executive  module 

MAXLRS,  UHVN’ET, 

16 

• 

Controls  and  design  data  used  by  other  program  modules 

18 

19 

Horizontal  tail  structure  material  identification 
number;  established  in  input  data  processing  module 

MAXLDS,  WHVN'ET, 

20 

Controls  and  desing  data  used  by  other  program  modules 

22 
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TABLE  61.  XMISC  ARRAY  VARIABLES  (MISC  BLOCK)  (COXT) 


Loc 

Description 

Subroutine 

Reference 

23 

Vertical  tail  structure  material  identification 
number,  established  in  executive  module 

MAXLDS , M!\\TT 

24 

Controls  and  design  data  used  by  other  program  modules 

30 

31 

Control  used  by  other  program  modules 

32 

Maximum  net  unswept  bending  moment  at  wing  side  of 
fuselage  station  for  fatigue  evaluation,  in. -lb 

BLCXTL 

33 

Maximum  net  swept  bending  moment  at  wing  outboard 
station  for  fatigue  evaluation,  in. -lb 

BLCNTL 

34 

Design  data  used  by  other  program  modules 

35 

Vehicle  sink  speed  at  landing  condition;  established 
in  executive  module,  ft/sec 

FUSXET 

36 

Main  landing  gear  stroke;  established  in  executive 
module,  in. 

FUSXET 

37 

Ratio  of  ultimate  to  limit  loads;  established  in 
executive  module 

FUSXET 

38 

Taxi  load  factor;  established  in  executive  module 

FUSXET 

39 

Controls  and  design  data  used  by  other  program  modules 

41 
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TABLE  61.  XMISC  ARRAY  VARIABLES  (MISC  BLOCK)  (CONT) 


Loc 

Description 

Subroutine 

Reference 

42 

Indicator  to  designate  that  horizontal  tail  loads 
have  been  reversed 

KHVNET 

0 * loads  have  not  been  reversed 

1 ■ loads  have  been  reversed 

Locations  43  through  50  contain  inertia  bending  per  g at  the  fatigue 
evaluation  stations;  these  values  are  established  in  the  data  management 
module . 

43 

Unswept  bending  moment  at  basic  flight  design  weight 
for  wings  fixed  or  aft  at  station  1,  in. -lb 

BLCNTL 

44 

Swept  bending  moment  at  basic  flight  design  weight 
for  wings  fixed  or  aft  at  station  2,  in. -lb 

BLCNTL 

45 

Unswept  bending  moment  at  maxim  tin  design  weight  for 
wings  fixed  or  forward  at  station  1,  in. -lb 

BLCNTL 

46 

Unswept  bending  moment  at  basic  flight  design  weight 
for  wings  forward  at  station  1,  in. -lb 

BLCNTL 

47 

Unswept  bending  moment  at  landing  design  weight  for 
wings  forward  at  station  1,  in. -lb 

BLCNTL 

48 

Swept  bending  moment  at  maximum  design  weight  for 
wings  forward  at  station  2,  in. -lb 

BLCNTL 

49 

Swept  bending  moment  at  basic  flight  design  weight 
for  wings  forward  at  station  2,  in. -lb 

BLCNTL 

50 

Swept  bending  moment  at  landing  design  weight  for 
wings  forward  at  station  2,  in. -lb 

BLCNTL 
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TABLE  61.  XN1ISC  ARRAY  VARIABLES  (MISC  BLOCK)  (CONT) 


Loc 

Description 

Subroutine 

Reference 

Locations  51  through  69  contain  load  module  control  words;  these  controls 
are  established  in  the  executive  module. 

51 

Air  vehicle  class  indicator 

1 ■ fighter  (F) 

2 ■ attack  (A) 

3 = tactical  bomber  (BI) 

4 « strategic  bomber  (B1I) 

5 * cargo  assualt  (CA) 

6 * cargo  transport  (CT) 

BLCNTL 

52 

Wing  type  indicator 

-1  * fixed  wing 
1 ■ variable  sweep  wing 

BLCNTL 

53 

Vertical  tail  type  indicator 

-1  ■ single  tail 

0 - dual  tail 

1 * T-type  tail 

BLCXTL 

54 

Load  calculation  option  indicator 

-1  ■ calculate  basic  loads  only 

0 ■ calculate  fatigue  spectra  only 

1 ■ calculate  both  loads  and  fatigue  spectra 

BLCNTL 

Locations  55  through  68  contain  basic  load  calculation  control 

1 * compute 
0 ■ do  not  compute 

55 

Total  vehicle  load  calculation  control 

1 ® conpute  all  loads  (fuselage,  wing, 
horizontal,  vertical) 

0 * compute  loads  as  indicated  by  controls 
in  locations  56  through  59 

BLCNTL 

TABLE  61.  XMISC  ARRAY  VARIABLES  (MISC  BLOCK)  (CONCL) 


Loc 

Description 

Subroutine 

Reference 

56 

Fuselage  load  calculation  indicator 

BLCNTL 

57 

Wing  load  calculation  indicator 

BLCN'TI. 

58 

Horizontal  tail  load  calculation  indicator 

BLCNTL 

59 

Vertical  tail  load  calculation  indicator 

BLCNTI. 

60 

Load  conditions  1 through  5 calculation  indicator 
(positive  maneuver  conditions) 

BLCNTL 

61 

Load  conditions  6 and  7 calculation  indicator 
(negative  maneuver  conditions) 

BLCNTL 

62 

Load  condition  8 calculation  indicator 
(flap  down  maneuver  condition) 

BLCNTL 

63 

Load  condition  9 calculation  indicator 
(flaps  down  landing) 

BLCNTL 

64 

Load  conditions  10  through  13  calculation  indicator 
(positive  vertical  gust  conditions) 

BLCNTL 

65 

Load  conditions  14  through  17  calculation  indicator 
(negative  vertical  gust  conditions) 

BLCNTL 

66 

Load  conditions  18  and  19  calculation  indicator 
(lateral  gust  conditions) 

BLCNTL 

67 

Load  conditions  20  and  21  calculation  indicator 
(pitching  acceleration  conditions) 

BLCNTL 

68 

Load  conditions  22  and  23  calculation  indicator 
(yawing  acceleration  conditions) 

BLCNTL 

69 

Fatigue  spectra  calculation  indicator 

-1  ■ compute  gust  and  maneuver  spectra 
1 ■ compute  gust  spectra  only 

BLCNTL 

TABLF  62.  IP  OR  IQ  ARRAY  Y.AR TABLES  (IPRINT  BLOCK) 


Description 

Locations  1 through  49  are  print  con 
trols  for  other  program  modules 


Figure  Subroutine 

Reference  Reference 


Output  print  control  of  component  air- 
loads, CP's,  and  vehicle  inertia 
factors 


BMPS 


Output  print  control  of  surface  airload  B-13,  B-14, 
shear,  bending  moment,  and  torque  at  b-15 
load  reference  stations 


SPARM 


Output  print  control  of  loading  param-  B-l  through 
eters  and  unit  spanwise  loads  B- 1 1 


USPAX 


Output  print  control  of  wing  and  empen-  B- lb  through  WHYNTT 
nage  design  loads  envelope  and  B-21 

normalizing  factors 


Output  print  control  of  maximum  net 
wing  bending  moments  at  fatigue  refer- 
ence stations  and  print  control  of 
ambient  condition,  temperature,  material 
property,  and  dynamic  pressure  data 

Output  print  control  of  wing  bending 
moment  spectra  data 

Locations  56  through  80  are  print  con- 
trols for  other  program  modules 


BLCNTL 


B-25,  B-24 
B- 25 


FATMG 


TABLE  63.  MASS  STORAGE  FILE  RECORDS 


Record 

No. 

Variables 
§ Length 

Write 

Routine 

Read 

Routines 

Description 

1 

DT(56) 

Input  Data 
Processing 
Module 

BLCXTI. 

Permanent  file  aero- 
dynamic data;  refer  to 
Table  50  for  discus- 
sion of  variables. 

2 

DB(8S3) 

Input  Data 
Processing 
Module 

BLCNTL 

Permanent  file  sub- 
sonic aerodynamic 
data;  refer  to  Table  26 
for  discussion  of 
variables. 

3 

DF(146) 

Input  Data 
Processing 
Module 

* 

BLCNTL 

Permanent  file 
deflected  flap  aero- 
dynamic data;  refer  to 
Table  35  for  discussion 
of  variables. 

4 

DP(734) 

Input  Data 
Processing 
Module 

BLCNTL 

Permanent  file  super- 
sonic aerodynamic 
data;  refer  to 
Table  39  for  discus- 
sion of  variables. 

5 

DS(288) 

Input  Data 
Processing 
Module 

FATMG 

Permanent  file  or 
input  blocked  mission 
segment  data;  refer  to 
Table  43  for  discus- 
sion of  variables. 

6 

DE(340) 

Input  Data 
Processing 
Module 

FATMG 

Permanent  file  maneu- 
ver load  factor 
spectra  tables;  refer 
to  Table  29  for  dis- 
cussion of  variables. 

7 

DI (60) 

Input  Data 
Processing 
Module 

FATMG 

Permanent  file  taxi 
load  factor  spectra 
tables;  refer  to 
Table  38  for  discus- 
sion of  variables. 
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TABLE  63.  MASS  STORAGE  FILE  RECORDS  (CONT) 


Record 

No. 

Variables 
6 Length 

Write 

Routine 

Read 

Rout ines 

Description 

8 

DG(72) 

Input  Data 
Processing 
Module 

FATMG 

Permanent  file  turbu- 
lence field  parameters; 
refer  to  Table  3"  for 
discussion  of 
variables . 

9 

DR  Cl 09) 

Input  Data 
Processing 
Module 

FATMG 

Permanent  file  gust 
response  factors: 
refer  to  Table  41  for 
discussion  of 
variables. 

17 

RATIO 

(264) 

WHVNET 

Load  factor,  tempera- 
ture, and  content 
normalizing  factors; 
refer  to  Table  70  for 
discussion  of  vari- 
ables. This  record 
is  initialized  in  the 
executive  module. 

18 

WLD(300) 

Data 

Manage- 

ment 

Module 

BLCNTL 

Structural  component 
normalized  inertia 
load  data;  refer  to 
Table  59  for  discus- 
sion of  variables. 

21 

WD(200) 

Data 

Management 

Module 

MAXLDS 

Geometry  and  miscella- 
neous data. 

22 

BC(195) 

Data 

Management 

Module 

BLCNTL 

Air  vehicle  design 
data;  refer  to  Table  23 
for  discussion  of 
variables. 

31 

SVFC180) 

Flutter  and 
Temperature 
Module 

BLCNTL 

Ambient  condition, 
temperature,  and 
structural  component 
material  property  data; 
refer  to  Table  58  for 
discussion  of  variables. 
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TABLE  63.  MASS  STORAGE  FILE  RECORDS  (00X011 


Record 

No. 

Variables 
6 Length 

Write 

Routine 

Read 

Routines 

Description 

32 

DUM(198) 

WUVNF.T 

Design  airload  shear 
and  bending  moments 
normalized  to  refer- 
ence design  tempera- 
ture; refer  to  Table  51 
for  discussion  of 
variables.  This 
record  is  initialized 
in  the  executive 
module. 

33 

FUS(672) 

FUSNET 

Vehicle  airloads,  CP’s, 
inertia  factors,  and 
structure  temperature 
data;  refer  to 
Table  "’2  for  discus- 
sion of  variables. 

35 

DUMMY 

(820) 

FATMG 

King  bending  moment 
spectra;  refer  to 
Tables  75  and  "6  is 
subroutine  FATMG 
discussions. 

159 

WHVLID 

(24) 

MAXLDS 

Load  condition  number 
array;  Refer  to  sub- 
routine KHVNF.T 
discussion. 

160- 

183 

B0(200) 

MAXLDS 

Vehicle  airloads,  CP's, 
inertia  factors,  and 
distributed  loads 
data;  refer  to 
Table  24 
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SUBROUTINE  DESCRIPTIONS 


PROGRAM  BLCNTL 

General  Description 

Deck  name:  BLCNTL 

En  try  name : OVERLAY  ( SHALP!  L\ , 4 , 0) 

Called  by:  OLAYOO 

Subroutines  called:  USP.W,  BNLDS , SPABM,  HAXI.DS , FUSNIT,  MIVNTT , 

FATMG 

This  is  the  control  routine  for  the  airload  module.  This  routine 
initializes  the  output  region  of  common  and  reads  the  following  file  records. 


Array 

Record  No. 

Descriptions 

DT 

1 

Permanent  file  aerodynamic  data 

DB 

2 

Permanent  file  subsonic  aerodynamic  data 

DF 

3 

Permanent  file  deflected  flap  aerodynamic  data 

DP 

4 

Permanent  file  sunersonic  aerodynamic  data 

BC 

22 

Vehicle  design  data 

SVF 

31 

.Ambient  condition,  temperature,  and  structural 

WLD 

18 

component  material  pronerty  data 
Structural  component  normalized  inertia  loads 

data 

Loads  module  execution  controls  are  obtained  through  labeled  common  array 
XMISC  which  are  transferred  into  the  \'D  array  (Table  64).  There  are  23  dif- 
ferent airload  conditions  of  which  as  many  as  22  may  be  calculated  in  a given 
run.  The  first  level  of  basic  load  calculation  control  indictors  (ND(28)  - 
ND(36))  determine  the  flight  conditions,  which  are  to  be  evaluated.  A posi- 
tive value  indicates  calculate,  and  a zero  or  negative  value  indicates  do  not 
calculate.  These  controls  are  used  to  establish  a second  level  of  condition 
calculation  controls  (Table  65).  Figure  10  shows  the  speed -altitude  points 
associated,  with  each  of  these  load  conditions.  Should  basic  loads  calcula- 
tion be  indicated  (ND(16)  s - or  +)  and  all  values  in  locations  XMISC (60) 
through  XMISC(68)  be  negative  or  zero,  the  corresponding  ND  locations  are  all 
set  equal  to  one. 

For  each  load  condition  that  is  to  be  calculated,  this  routine: 

1.  Establishes  vehicle  design  criteria  (BB  array) 

2.  Calls  subroutine  USPAN  to  calculate  the  unit  snanwise  loading  distri- 
bution and  lift  curve  slope  for  each  of  the  lifting  surfaces 
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TABLE  64.  LOAD  MODULE  CONTROL  INDICATORS 


XMISC  Array 
Location 

ND  Array 
Locat ion 

Description 

51 

13 

Air  vehicle  class  indicator 

1 = fighter  (F) 

2 = attack  (A) 

3 = tactical  bomber  CBIl 

4 = strategic  bomber  (RIH 

5 = cargo  assault  (CA) 

6 = cargo  transport  fCTl 

52 

14 

Wing  type  indicator 

-1  = fixed  wing 
1 = variable  sweep  wing 

53 

15 

Vertical  tail  type  indicator 

-1  = single  tail 

0 = dual  tail 

1 = T-type  tail  (horizontal  tail  mounted 

on  vertical  tail  tip) 

54 

16 

Load  calculation  option  indicator 

-1  = calculate  basic  loads  only 

0 = calculate  fatigue  spectra  only 

1 = calculate  both  basic  loads  and 

fatigue  spectra 

55 

23 

Basic  load  calculation  option  indicator 

1 = compute  all  loads  (fuselage,  wing, 
horizontal,  vertical) 

0 = compute  loads  as  indicated  by  follow- 
ing controls  in  ND(24)  through 
ND(27) 

56 

24 

Fuselage  load  calculation  indicator 

1 = compute  fuselage  loads 
0 = do  not  compute  fuselage  loads 
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TABLE  64.  LOAD  MODULE  CONTROL  INDICATORS  (CONTI 


XMISC  Array 
Location 

ND  Array 
Location 

Description 

57 

25 

I Wing  load  calculation  indicator 

1 = compute  wing  loads 
0 = do  not  compute  wing  loads 

58 

26 

Horizontal  tail  load  calculation  indicator 

1 = compute  horizontal  tail  loads 
0 = do  not  compute  horizontal  tail  loads 

59 

27 

Vertical  tail  load  calculation  indicator 

1 = compute  vertical  tail  loads 
0 = do  not  compute  vertical  tail  loads 

60 

28 

Load  conditions  1 through  5 calculation 
indicator 

1 = compute  loads  for  applicable 
conditions 

0 * do  not  compute  loads 

61 

29 

Load  condition  6 and  7 calculation  indicator 

62 

30 

Load  condition  8 calculation  indicator 

63 

31 

Lojad  condition  9 calculation  indicator 

64 

32 

Load  conditions  10  through  13  calculation 
indicator 

65  I 

33 

Load  conditions  14  through  17  calculation 
indicator 

66 

34 

Load  conditions  18  and  19  calculation 
indicator 

67 

35 

Load  conditions  20  and  21  calculation 
indicator 
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XMISC  Array 
Location 


XD  Array 
Location 


Description 


TABLE  65.  DESIGN  LOAD  CONDITIONS  AND  CONSTRAINTS 
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TABLE  65.  DESIGN  LOAD  CONDITIONS  AND  CONSTRAINTS  (CONCI.) 
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3.  Calls  subroutine  BXLDS  to  calculate  the  component  gross  limit 
airloads  and  centers  of  pressure 

4.  Calls  subroutine  SPABM  to  calculate  limit  airload  shear,  bending 
moment  and  torque  for  each  surlacc  designated  (NPI23I,  XlMd.il  - 
XD(27)) 

5.  Scans  wing  load  data  for  the  maximum  net  bending  moment  at  the 
fatigue  evaluation  stations 

6.  Calls  subroutine  MVXLDS  to  detennine  the  net  design  load  envelope 
for  each  of  the  lifting  surfaces 

7.  Calls  subroutine  I-USXET  to  store  the  specific  condition  loads  data 
for  transmittal  to  the  fuselage  weight  estimation  module 

Alter  all  designated  flight  load  conditions  have  been  evaluated,  MWI  lb 
is  called  to  evaluate  the  taxi  loads  on  the  wing,  and  MIYNL'I  is  called  to 
organize  the  design  loads  data,  calculate  normalizing  factors,  and  store 
the  data  for  use  by  the  wing  and  empennage  weight  estimating  module. 

Should  wing  fatigue  spectra  data  l>c  required  (\D(lb)),  subroutine 
FATMG  is  called. 

Arrays  and  Variables  Used 

BC  Vehicle  design  data  (Table  23) 

BO  Vehicle  component  airload  data  (fable  24) 

PSI  Ambient  pressure  at  load  conditions 

SFLUX  Sun  flux  at  load  conditions 

SVF  .Ambient  condition,  temperature,  and  structural  component 

material  property  data 

TSKINF  Equilibrium  structure  temperature  at  load  condition,  #F 

TSKINR  Equilibrium  structure  temperature  at  load  conditions,  °R 

1T0TAL  Total  temperature  at  load  conditions,  *R 

Arrays  and  Variables  Calculated 

ALT  Vehicle  altitude  at  load  condition 

BB  Vehicle  design  criteria  at  load  condition 

BO  Vehicle  and  component  identification  codes 


I 


Load  condition  number  counter 


IDUM 

IN 

ND 

NF 

NI 


RC 

RNZ 

SAVE 

STEMPH 

STEMPV 

STEMPW 

WLD 

XMACH 

XNET 


Design  load  condition  munbers  for  net  surface  loads  envelope 

Load  calculation  control:  0 = do  all,  1 = do  as  indicated 

Basic  loads  calculation  controls  and  indicators 

Control  to  direct  US PAN  to  calculate  unit  load  distributions 
for  all  surfaces  (-1) 

Load  condition  category  indicator 

1 = Flaps  up  balanced  maneuver 

2 = Flaps  down  balanced  maneuver 

3 = Flaps  down  balanced  maneuver 

4 = Positive  vertical  gust 

5 = Negative  vertical  gust 

6 = Lateral  gust 

7 = Pitch  acceleration 

8 = Yaw  acceleration 

Ratios  of  wing  content  inertia  loads  per  g at  load  condition 
to  inertia  load  per  g at  basic  flight  design  weight 

Ratio  of  load  factor  at  design  condition  to  reference  load 
factor 

Design  airload  shear  and  bending  moment  envelope 

Horizontal  tail  material  compression  yield  strength  at  design 
condition  structure  temperature 

Vertical  tail  material  compression  yield  strength  at  design 
condition  structure  temperature 

Wing  material  compression  yield  strength  at  design  condition 
structure  condition  structure  temperature 

Structural  component  inertia  loads  per  g and  wing  net  taxi 
loads  data 

Vehicle  mach  number  at  load  conditions 

Net  design  loads  array  normalized  to  room  temperature 
reference. 
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Scratch  Arrays  and  Variables  (Program  Region) 


BMDWT1 

BMEHVT2 

BMDUrl 

BMDW2 

BMNET1 

BJNET2 

BM1 

BM2 

ENZ1 

ENZ2 

ibmi 

IBM2 

III 

IV 
IW 
N 

TUT 

TVT 

TWING 


Unswept  inertia  bending  moment  per  g at  maximum  B>NI-iTl  for 
wing  fatigue  evaluation  station  1 

Swept  inertia  bending  moment  per  g at  maximum  B'M;T2  for  wing 
fatigue  evaluation  station  2 

Unswept  inertia  bending  moment  per  g at  wing  station  1 

Swept  inertia  bending  moment  per  g at  wing  station  2 

Net  unswept  bending  moment  at  wing  station  1 

Net  swept  bending  moment  at  wing  station  2 

Unswept  airload  bending  moment  at  wing  station  1 

Swept  airload  bending  moment  at  wing  station  2 

Vehicle  load  factor  at  maximum  BMNET1 

Vehicle  load  factor  at  maximum  BNNET2 

Condition  number  at  maximum  B>NET1 

Condition  number  at  maximum  B'NLT2 

Horizontal  tail  reference  design  load  condition 

Vertical  tail  reference  design  load  condition 

Wing  reference  design  load  condition 

Scratch  counter 

Horizontal  tail  structure  temperature  at  reference  design 
load  condition,  °F 

Verticil  tail  structure  temperature  at  reference  design 
load  condition,  °F 

Wing  structure  temperature  at  reference  design  load  condi- 
tion, °F 
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Labeled  Conroon  Arrays 


IP (54) 

XMISC(32) 

XMISC(33) 

XMISC(43) 

XMISC(45) 

XMISC(46) 

XMISC(47) 

XMISC(48) 

XMISC(49) 

XMISC(50) 

XMISC(51) 

to 

XMISC(69) 
Mass  Storage  File 
Records  1 to 
Error  Messages 
None 


0 ■ Print  output  of  maximum  net  design  bending  moments 

at  wing  side  of  fuselage  (unswept)  and  outboard 
station  (swept)  for  fatigue  evaluation 

1 = Do  not  print 

Maximum  net  unswept  bending  moment  at  wing  side  of  fuse- 
lage station  (station  1) 

Maximum  net  swept  bending  moment  at  wing  outboard  station 
(station  2) 

Unswept  inertia  bending  moment  per  g at  basic  flight 
design  weight  for  wings  fixed  for  aft  at  wing  station  1 

Unswept  inertia  bending  moment  per  g at  maximum  design 
weight  for  wings  fixed  or  forward  at  wing  station  1 

Unswept  inertia  bending  moment  per  g at  basic  flight  design 
weight  for  wings  forward  at  station  1 

Unswept  inertia  bending  moment  per  g at  landing  design 
weight  for  wings  forward  at  station  1 

Swept  inertia  bending  moment  per  g at  maximum  design  weight 
for  wings  forward  at  station  2 

Swept  inertia  bending  moment  per  g at  basic  flight  design 
weight  for  wings  forward  at  station  2 

Swept  inertia  bending  moment  per  g at  landing  design  weight 
for  wings  forward  at  station  2 

Refer  to  Table  64. 


Records 


4,  18,  22,  31, 


Of.  fcHMiW  *1*  A***-*41 
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SUBROUTINE  USPAN 


General  Description 

Deck  name:  USPAN 

Entry  name : USPAN 

Called  by:  BLCNTL,  FATT1G 

Subroutines  called:  None 

Function  reoutines  called:  C0DIM2 , FCODM2 

This  subroutine  uses  the  aerodynamic  data  tables  and  performs  the 
calculations  to  obtain: 

1.  Unit  airload  shear,  bending  moment,  and  torque  on  the  lifting  sur- 
faces 

2.  Center  of  pressure  locations 

3.  Lift  curve  slopes 

Function  routines  C0DIM2  and  FC0EM2  are  used  to  obtain  curve  fit  interpo- 
lated values  from  the  aerodynamic  data  tables.  This  subroutine  uses  the  basic 
aerodynamic  data  table  (DT)  with  either  the  subsonic  aerodynamic  data 
table  (DP)  to  obtain  the  loading  parameters  for  the  basic  lifting  surfaces. 

For  deflected  flap  conditions,  the  DF  table  is  used  to  obtain  flap  loading 
parameters . 

The  mach  number  parameter,  B , is  defined  as: 


1 . Subsonic : 


2 . Supersonic : B 


When  vehicle  speed  is  close  to  mach  1,  this  parameter  approaches  zero  such 
that  table  parameters  cannot  be  evaluated.  In  order  to  circumvent  this  situ- 
ation, the  following  rule  is  applied: 


If 

1.0  > M > 0.95 

M * 0.95 

If 

1.1  > M e 1.0 

M * 1.1 
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USPAN  is  called  by  either  BLCNTL  or  FATMG.  When  called  by  BLCNTL, 
airloading  distributions  are  calculated  for  all  lifting  surfaces  (wing,  hori- 
zontal, and  vertical).  The  control  word  NF  has  a preassigned  value  of  -1. 
When  this  routine  is  called  by  FATMG,  NF  is  equal  to  +1  designating  the  calcu 
lation  of  flaps  up  wing  spanwise  loading  distributions  only. 

The  range  of  weight  evaluation  stations  do  not  necessarily  encompass  the 
total  lifting  surface  which  is  required  in  the  loading  calculations.  The 
following  sketch  depicts  the  orientation  of  the  load  evaluation  stations  rela 
tive  to  the  weight  evaluation  stations. 


EVALUATION 

STATIONS 


LOAD 

13  12  11  10  9 8 7 65  1*  3 21  EVALUATION 

STATIONS 


Arrays  and  Variables  Used 

BB  Vehicle  design  criteria  at  load  condition 


BC  Vehicle  design  data 

QW  Vehicle  mach  number  at  load  condition  (BB(10)) 

DB  Permanent  file  subsonic  aerodynamic  data 
DF  Permanent  file  deflected  flap  aerodynamic  data 

DP  Permanent  file  supersonic  aerodynamic  data 

DT  Permanent  file  aerodynamic  data 

ND  Basic  load  calculation  controls  and  indicators 
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NF  Control  to  direct  calculation 

-1  = calculate  distribution  for  all  surfaces 
1 = calculate  distribution  for  wing  only 

VT  Vertical  tail  identification 

5 = single  tail 

6 = dual  tail 

7 = T-type  tail 

Arrays  and  Variables  Calculated 

BB  Surface  center  of  pressure  data 

BU  Unit  spanwise  loading,  lift  curve  slope,  and  center-of-pressure 
data 

IP  Wing  type  and  position  indicator 
-1  = fixed  wing 

0 = variable  sweep  wing,  forward  position 

1 = variable  sweep  wing,  aft  position 

Scratch  Arrays  and  Variables 

BD  Spanwise  loading  parameters,  refer  to  Table  66 
BS  Refer  to  Table  67 

DX  Normal  distance  from  load  reference  to  local  center  of  pressure 

(BD) 

ED  Normalized  spanwise  stations  for  tabulated  data  (BD) 

ES  Normalized  spanwise  stations  for  load  evaluation  (BD) 

I Scratch  counter 

J Scratch  counter 

K Scratch  counter 

L Scratch  counter 

M Scratch  counter 
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NT 


Surface  indicator 


YA  Subsonic  lift  curve  slope  parameter 

YB  Spanwise  loading  parameter 

YC  Spanwise  loading  parameter 

YS  Unitized  spanwise  loading  parameter 

Labeled  Common  Arrays 

IQ (52)  0 * Print  output  of  loading  parameters  and  unit  spanwise  loads 

1 » Do  not  print 

Mass  Storage  File  Records 

None 

Error  Messages 
None 
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TABLE  66.  BD  ARRAY  VARIABLES  IN  SUBROUTINE  USPAN 


Loc 

Variable 

Name 

Engrg 

Symbol 

Description 

1 

YA(1) 

BCU/K 

Subsonic  lift  curve  slope  parameter  at 
taper  ratio  = 0 in  DT  array) 

• 

• 

To 

4 

YA(4) 

BC^K 

Subsonic  lift  curve  slope  parameter  at 
taper  ratio  = 1.0  CX.4  in  DT  array) 

5 

YAC5) 

Not  used 

6 

YB(l) 

CeC/CLCAV 

Subsonic  spanwise  loading  parameter  at 
taper  ratio  * 0,  percent  span  = 0 
(\i  and  Hi  in  DT  array) 

r/Vttb/2 

Supersonic  spanwise  loading  parameter  at 
taper  ratio  = 0,  percent  span  ■ 0 

C|C/CLCAV 

Deflected  flap  spanwise  loading  parameter 
at  load  evaluation  station  1 for  flap  span 
from  centerline  to  inboard  flap  station 

• 

• 

To 

18 

YB(13) 

C|C/CLCAV 

Subsonic  spanwise  loading  parameter  at 
taper  ratio  * 0,  percent  span  = 0.924 
0q  and  n 4 in  DT  array) 

r/Vab/2 

Supersonic  spanwise  loading  parameter  at 
taper  ratio  - 0,  percent  span  * 0.924 

c£c/cLcAV 

Deflected  flap  spanwise  loading  parameter 
at  load  evaluation  station  13  for  flap 
span  from  centerline  to  inboard  flap  sta- 
tion 

• 

• 

To 

21 

YB(16) 

C|C/CLCAV 

Subsonic  spanwise  loading  parameter  at 
taper  ratio  = 1,  percent  span  = 0.924 
0^4  and  114  in  DT  array) 

r/Vab/2 

Supersonic  spanwise  loading  parameter  at 
taper  ratio  * 1,  percent  span  ■ 0.924 
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TABLE  66.  BD  ARRAY  VARIABLES  IN  SUBROUTINE  USPAN  (CONI’) 


Loc 

Variable 

Name 

Engrg 

Symbol 

Description 

22 

YB(17) 

Not  used 

• 

To 

25 

YB(20) 

Not  used 

26 

YC(1) 

CjC/ClCav 
or,  r/VQb/2 

Spanwise  loading  parameter  at  percent 
span  * 0 (Hi  in  DT  array) 

• 

• 

To 

29 

YC(4) 

c,c/cLcAV 

or,  rA'ab/2 

Spanwise  loading  parameter  at  percent 
span  * .924  (14  in  DT  array) 

30 

YC(5) 

C|C/ClCav 
or,  r/Vab/2 

Spanwise  loading  parameter  at  percent 
span  ■ 1.0  (value  is  0.0) 

31 

ED(1) 

1 

Percent  span  for  YC(1) 

• 

• 

To 

35 

ED  (5) 

5 

Percent  span  for  YC(5) 

36 

ESC1) 

SI 

Percent  span  at  load  evaluation  station  1 
(tip  station) 

• 

• 

• 

To 

48 

ES(13) 

nS13 

Percent  span  at  load  evaluation  station  13 
(root  station) 

49 

ES(14) 

Not  used 

50 

ES(15) 

Not  used 

51 

YS(1) 

Interpolated  or  unitized  spanwise  loading 
parameter  at  nsi  (tip) 

• 

• 

To 

63 

YS(13) 

Interpolated  or  unitized  spanwise  loading 
parameter  at  1513  (root) 

64 

YS(14) 

Not  used 

65 

YS(15) 

Not  used 
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TABLE  66 . BD  ARRAY  VARIABLES  IN  SUBROUTINE  USPAN  (CONCL) 


Variable 

Engrg 

Loc 

Name 

Symbol 

Description 

66 

DX(1) 

AXAi 

Normal  distance  from  load  reference  to  the 
local  CP  at  station  ngi  (tip) 

• 

• 

• 

To 

78 

DX (13) 

AXA13 

Normal  distance  from  load  reference  to  the 
local  CP  at  station  hgu  (root) 

79 

DX (14) 

Not  used 

80 

DX(1S) 

Not  used 

81 

Not  used 

• 

To 

88 

Not  used 

89 

Surface  carryover  lift  reduction  factor 

90 

Total  summated  surface  lift  per  side 
unreduced  for  carry-over  lift  loss 

91 

Not  used 

• 

To 

160 

Not  used 
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TABLE  67.  BS  ARRAY  VARIABLES  IN  SUBROUTINE  USPAN 


Loc 

Engrg 

Symbol 

Description 

1 

A 

Aspect  ratio 

2 

AB 

Compressible  sweep  parameter,  deg 

3 

\ 

Taper  ratio 

4 

ale 

Sweep  of  the  leading  edge,  deg 

5 

B/K 

Compressible  lift  curve  slope  correction 
factor 

6 

BA/K 

Aspect  ratio  parameter  (subsonic) 

7 

BA 

Aspect  ratio  parameter  (supersonic) 

8 

Bm 

Sweep  parameter  (supersonic) 

9 

Simulation  of  distributed  lift  from  root  to 
tip 

10 

(X/C)cp 

Section  center  of  pressure  to  chord  ratio 
due  to  mach  number 

11 

CR 

Root  section  chord  (apex  chord) , in 

12 

b/2 

Surface  semispan,  in. 

13 

yb 

Body  half  width  (surface -body  interface), 
in. 

14 

^B 

Fraction  of  semispan  at  surface-body  inter- 
face 

15 

YF()/b/2 

Outboard  flap  station  to  wing  semispan  ratio 

16 

Ypi/b/2 

Inboard  flap  station  to  wing  semispan  ratio 

17 

M 

Mach  nunber  at  load  condition 

18 

ka 

Sweep  correction  factor  calculations 

19 

<Vca>r 

Swept  reference  chord  to  section  chord  ratio 

20 

Cab 

Swept  chord  at  body- surface  interface 

SUBROUTINE  BNLDS 


General  Description 

Deck  name:  BNLDS 

Entry  name:  BNLDS 

Called  by:  BLCNTL 

Subroutines  called:  ATMOS 

Function  routines  called:  CODIM2 

This  subroutine  calculates  the  component  gross  limit  airloads  and  centers 
of  pressure  for  the  different  flight  conditions.  Function  routine  ATMOS  is 
used  to  obtain  the  density  of  air  and  the  speed  of  sound  at  the  altitude  for 
the  specific  flight  condition.  Dynamic  pressure  and  equivalent  airspeed  is 
calculated  from  this  data 

q = 1/2  pV1 2 3 4 5  * 1/2  pM2  C 2 lb/ft2 
e 3 


where: 

3 

p ■ density  of  air,  slugs/ft 
M ■ vehicle  mach  nunber 

2 

Cg  ■ speed  of  sound,  ft/sec 


V = >/295q,  knots 

V 


Methods  described  in  Section  II  of  this  report  are  used  to  calculate 
component  loads  for: 

1.  Balanced  maneuver  conditions 

2.  Vertical  gust  conditions 

3.  Lateral  gust  conditions 

4.  Pitching  acceleration  conditions 

5.  Yawing  acceleration  conditions 


The  different  types  of  load  conditions  are  designated  by  the  control  word  NI. 
Specific  definition  of  NI  is  as  follows: 


NI 

Load  Condition 

Value 

No. 

Description 

1 

1 - 7 

Flaps -up  balanced  maneuver 

2 

8 

Flaps-down  balanced  maneuver 

3 

9 

Flaps -down  balanced  maneuver 

4 

10  - 13 

Positive  vertical  gust 

5 

14  - 17 

Negative  vertical  gust 

6 

18  - 19 

Lateral  gust 

7 

20  - 21 

Pitching  acceleration 

8 

22  - 23 

Yawing  acceleration 

Arrays  and  Variables  Used 


BB  Vehicle  design  criteria  and  center -of -pressure  data  at  load  condi- 
tion 

BC  Vehicle  design  data 

BO  Load  condition  identification  nunber 

BU  Unit  spanwise  loading,  lift  curve  slope,  and  center  of  pressure 
data 

DF  Permanent  file  deflected  flap  aerodynamic  data 
IP  Wing,  type  and  position  indicator 

-1  ■ fixed  wing 

0 * variable  sweep  wing,  forward  position 

1 * variable  sweep  wing,  aft  position 

ND  Basic  load  calculation  controls  and  indicators 
NI  Load  condition  type  indicator 

Arrays  and  Variables  Calculated 


BO  Component  airloads,  centers  of  pressure,  and  vehicle  load  factor 
and  accelerations 

BU  Exposed  wing  and  horizontal  tail  loads 
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Scratch  Arrays  and  Variables 


BD  Initial  component  load  estimates,  refer  to  Table  68 

BS  Refer  to  Table  69 

I Scratch  counter 

J Scratch  counter 

K Scratch  counter 

NT  Surface  indicator 

Labeled  Cornnon  Arrays 

IQ(50)  0 * Print  output  of  component  airloads,  centers  of  pressure, 

and  vehicle  inertia  factors 

1 * Do  not  print 

Mass  Storage  File  Records 

None 

Error  Messages 
None 


228 


Loc 


Engrg 

Symbol 


Description 


1 

PZN0 

Initial  estimate  of  nose  lift 

2 

pZW(B)0 

Initial  estimate  of  wing  lift  in  presence 
of  body  due  to  angle  of  attack 

3 

PZB(W)0 

Initial  estimate  of  body  lift  in  presence 
of  wing  due  to  angle  of  attack 

4 

pZH0 

Initial  estimate  of  horizontal  tail  lift 

5 

pZW(B)F0 

Initial  estimate  of  wing  lift  in  presence 
of  body  due  to  deflected  flaps 

6 

pZB(W)F0 

Initial  estimate  of  wing  lift  in  presence 
of  body  due  to  deflected  flaps 

7 

APZNG 

Incremental  nose  lift  due  to  gust 

8 

APZWCBJG 

Incremental  wing  lift  in  presence  of  body 
due  to  gust 

9 

APZB(W)G 

Incremental  body  lift  in  presence  of  body 
due  to  gust 

10 

aPZHG 

Incremental  horizontal  tail  lift  due  to 
gust 

11 

Not  used 

• 

To 

160 


Not  used 


TABLE  69.  BS  ARRAY  VARIABLES  IN  SUBROUTINE  BNLDS 


Loc 

Engrg 

Symbol 

Description 

1 

P 

Density  of  air  at  load  condition  altitude, 

slugs/ft^ 

2 

PH 

Ambient  pressure  at  load  condition  alti- 
tude, psi 

3 

CS 

Speed  of  sound  at  load  condition  altitude, 
ft/sec 

4 

q 

Dynamic  pressure,  lb/ft^ 

5 

Ve 

Equivalent  airspeed,  knots 

6 

%(B)f 

Center  of  pressure  for  flap  increment  on 
wing  in  presence  of  body,  in. 

7 

^BCW)f 

Center  of  pressure  for  flap  increment  on 
body  in  presence  of  wing,  in. 

8 

cLW0 

Initial  wing  lift  coefficient  estimate 

9 

^Lf 

Initial  wing  lift  coefficient  due  to  flap 
deflection  estimate 

10 

Nz 

Vehicle  vertical  load  factor 

11 

Initial  estimate  of  vehicle  angle  of 
attack,  radians 

12 

zpzo 

Summation  of  initial  estimated  vehicle 
component  lift  loads 

13 

aPZH 

Incremental  horizontal  tail  load  required 
to  produce  specified  pitch  acceleration 

14 

p 

Vehicle  mass  ratio 

IS 

kg 

Gust  alleviation  factor 

16 

Ratio  of  required  airload  to  estimated  total 
airload 

17 

• 

20 

Not  Ui'ed 
To 

Not  used 
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SUBROUTINE  SPABM 


General  Description 

Deck  name:  SPABM 

Entry  name:  SPABM 

Called  by:  BLCNTL 

Subroutines  called:  None 

This  subroutine  calculates  the  limit  airload  shear,  bending  moment,  and 
torsion  along  the  load  reference  line  for  each  of  the  lifting  surface.  Limit 
loads  are  obtained  by  multiplying  the  surface  air  loads  calculated  in  BNLDS 
by  the  unit  spanwise  distributions  calculated  in  USPAN.  The  counter  ID  is 
used  to  designate  the  surface  and  type  of  calculation  involved. 

ID  Load  and 

Value  Surface  Designation 

1 Basic  wing  loads 

2 Wing  loads  due  to  deflected  flaps 

3 Horizontal  tail  loads 

4 Dual  vertical  tail 

5 Single  vertical  tail 

6 T-type  vertical  tail  (horizontal  mounted  on 

vertical  tail  tip) 

Wing  load  calculations  assume  half  the  total  lift  on  each  panel.  Limit 
loads  are  obtained  by  combining  the  basic  wing  load  contribution  with  the 
deflected  flap  contribution. 

(12) 

For  the  horizontal  tail,  an  unsymmetrical  loading  of  15  percent 
greater  than  half  the  total  surface  load  is  used  to  calculate  panel  design 
airload  shear  bending  moment  and  torque. 

Vertical  tail  load  calculations  are  dependent  on  the  type  of  surface. 

For  dual  tails,  55  percent  of  the  total  airload  is  used  to  calculate  panel 
design  airload  shear,  bending  moment,  and  torque. 

On  T-type  tails  the  unsymmetrical  horizontal  tail  moment  contribution  is 
combined  with  the  vertical  tail  airload  shear,  bending  moment,  and  torque. 

For  a single  vertical  tail,  the  relative  position  of  the  horizontal  tail 
is  checked  to  determine  whether  the  unsymmetrical  horizontal  tail  moment  acts 
at  any  vertical  tail  load  evaluation  station. 


Arrays  and  Variables  Used 


BB  Vehicle  design  criteria  and  center-of -pressure  data  at  load 
condition 

BC  Vehicle  design  data 

BO  Component  airloads,  centers  of  pressure,  and  vehicle  inertia 
factors 

BU  Unit  spanwise  loading,  lift  curve  slope,  and  center  of  pressure 
data 

IP  Wing  type  and  position  indicator 
-1  * fixed  wing 

0 ■ variable  sweep  wing,  forward  position 

1 * variable  sweep  wing,  aft  position 

ND  Basic  loads  calculation  controls  and  indicators 

Arrays  and  Variables  Calculated 

BO  Component  spanwise  swept  stations  and  airload  shear,  bending 
moment,  and  torque 

Scratch  Arrays  and  Variables 

BS(1)  Surface  airload  per  panel  for  scaling  unit  spanwise  loads,  lb 

BS(2)  Surface  semispan  (span  of  vertical  tail),  in. 

BS(3)  Sweep  of  surface  load  reference  axis,  degrees 

BS(5)  Horizontal  tail  unsyirmetrical  moment  contribution  to  vertical 
tail  loads. 

0 » no  effect 

1.0  ■ add  unsyirmetrical  moment 

BS(6)  Swept  distance  from  vertical  tail  root  to  horizontal  tail 

plane 

I Scratch  counter 

ID  Surface  indicator 
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r 


r 


\ 


J Scratch  counter 

K Scratch  counter 

L Scratch  counter 

M Scratch  counter 

VI  Cosine  of  surface  load  reference  axis  sweep 

V2  Sine  of  surface  load  reference  axis  sweep 

Labeled  Common  Arrays 

IQ(51)  0 * Print  output  of  surface  airload  shear,  bending  moment,  and 

torque  at  load  reference  stations 
1 = Do  not  print 

Mass  Storage  File  Records 

None 

Error  Messages 
None 


/ 


/ 


i 

! 

| 

i 
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SUBROUTINE  MAXLDS 


General  Description 

Deck  name:  MAXLDS 
Entry  name:  MAXLDS 
Called  by:  BLCNTL 
Subroutines  called:  None 

This  subroutine  calculates  net  loads  by  combining  airloads  and  inertia 
loads.  Loads  are  normalized  for  temperature  by  applying  the  structure 
material  compression  yield  stress  ratio  to  the  calculated  net  loads.  Compara- 
tive tests  between  previously  calculated  net  loads  envelope  data  with  net 
loads  for  the  specific  loads  condition  is  used  to  determine  the  design  loads 
envelope.  Net  loads  envelopes  are  determined  for  the  wing,  horizontal  tail 
and  vertical  tail  by  evaluating  all  flight  conditions.  Wing  net  taxi  loads 
are  also  examined  to  determine  whether  the  taxi  condition  is  critical.  Should 
taxi  define  part  of  the  wing  load  envelope,  the  net  loads  are  saved  as  ficti- 
tious airload,  and  the  inertia  load  factor  ratio  is  set  to  zero. 

This  routine  writes  the  component  airload  data  (BO  array)  into  records 
160  to  183. 


Arrays  and  Variables  Used 

BB  Vehicle  design  criteria  at  load  condition 

BC  Vehicle  design  data 

BMH  Horizontal  tail  and  content  1 g inertia  bending  moment 

BMV  Vertical  tail  and  content  1 g inertia  bending  moment 

BMW2  Wing  only  1 g inertia  bending  moment  (wing  fixed  or 

forward) 

BM12  Wing  and  content  1 g inertia  bending  moment  at  BFDW  (wing 

fixed  or  aft) 

BM2G  Wing  net  bending  moment  at  2 g taxi  at  MDW  (wing  fixed  or 

forward) 

BM21  Wing  and  content  1 g inertia  bending  moment  at  MDW  (wing 

fixed  or  forward) 

BM22  Wing  and  content  1 g inertia  bending  moment  at  BFDW  (wing 

fixed  or  forward) 
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BM23 

BO 

I 

ND 

NHOR 

NVER 

NWING 

POSNZ 

STH 

STV 

STW 

SVF 

S80H 

S80V 

S80W 

TBffH 

TEMPV 


Wing  and  content  1 g inertia  bending  moment  at  LDW  (wing 
fixed  or  forward) 

Vehicle  component  airload,  centers  of  pressure,  and  inertia 
factors 

Load  condition  number  counter 

Basic  load  calculation  controls  and  indicators 

Number  of  values  in  the  horizontal  tail  stress,  G,  tempera- 
ture tables 

Number  of  values  in  the  vertical  tail  stress,  G,  tempera- 
ture tables 

Number  of  values  in  the  wing  stress,  G,  temperature  tables 

Maximum  positive  maneuver  load  factor 

Horizontal  tail  material  compression  yield  strength  at 
material  library  temperatures 

Vertical  tail  material  compression  yield  strength  at 
material  library  temperatures 

Wing  material  compression  yield  strength  at  material 
library  temperatures 

Ambient  condition,  temperature,  and  structural  component 
material  property  data  array 

Horizontal  tail  material  compression  yield  strength 
at  80°  F 

Vertical  tail  material  compression  yield  strength  at  80°  F 

Wing  material  conpression  yield  strength  at  80°  F 

Horizontal  tail  material  temperature  for  library  values  of 
oppression  yield  strength  and  shear  modulus 

Vertical  tail  material  temperature  for  library  values  of 
compression  yield  strength  and  shear  modulus 


r 


TEMPW  Wing  material  temperature  for  library  values  of 

compression  yield  strength  and  shear  modulus 

TSKINF  Equilibrium  structure  temperature  at  load  conditions 

T2G  Wing  net  torque  at  2 g taxi  at  MDW  (wing  fixed  or  forward) 

VH  Horizontal  tail  and  content  1 g inertia  shear 

W Vertical  tail  and  content  1 g inertia  shear 

VW2  Wing  only  1 g inertia  shear  (wing  fixed  or  forward) 

V12  Wing  and  content  1 g inertia  shear  at  BFDW  (wing  fixed  or 

aft) 

V2G  Wing  net  shear  at  2 g taxi  at  MDW  (wing  fixed  or  forward) 

V21  Wing  and  content  1 g inertia  shear  at  MDW  (wing  fixed  or 

forward) 

V22  Wing  and  content  1 g inertia  shear  at  BFDW  (wing  fixed  or 

forward) 

V23  Wing  and  content  1 g inertia  shear  at  LEW  (wing  fixed  or 

forward) 

WLD  Structural  component  normalized  inertia  loads  array. 

XNEGJZ  Maximum  negative  maneuver  load  factor 


Arrays  and  Variables  Calculated 


/ 

IDUM 

Net  design  load  condition  indicators 

RC 

Wing  content  normalizing  factors 

£ 

V 

t 

RNZ 

Load  factor  normalizing  factors 

SAVE 

Design  airload  shears  and  bending  moments 

SAVET 

Design  airload  torques 

•J 

\ 

STEMPH 

Horizontal  tail  compression  yield  strength  at  load  condi- 
tion equilibrium  structure  temperature 

fi 

STEMPV 

Vertical  tail  compression  yield  strength  at  load  condition 
equilibrium  structure  temperature 
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STEMPW 


Wing  compression  yield  strength  at  load  condition 
equilibrium  structure  temperature 


XNET  Net  design  loads  array  normalized  to  room  temperature 

reference 

Scratch  Arrays  and  Variables 

BNET  Net  bending  moment  normalized  to  room  temperature  reference 

BWPC  Wing  and  content  1 g inertia  bending  moment  at  load 

condition 

HINZ  Local  vertical  load  factor  at  horizontal  tail  CG 

III  Scratch  counter 

IND  Wing  position  and  vehicle  weight  indicator 

1 » wings  fixed  or  forward  at  BFDW  (reference) 

0 * all  other  conditions 

J Scratch  counter 

K Scratch  counter 

LI  Scratch  counter 

L2  Scratch  counter 

M Scratch  counter 

N Scratch  counter 

NTEMP  Number  of  values  in  stress -G- temperature  tables 

RSH  Ratio  of  horizontal  tail  material  strength  at  room 

temperature  to  strength  at  load  condition 

RSV  Ratio  of  vertical  tail  material  strength  at  room  tempera- 

ture to  strength  at  load  condition 

RSW  Ratio  of  wing  material  strength  at  room  temperature  to 

strength  at  load  condition 
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STRESS 


Material  compression  yield  strength  at  material  library 
temperatures 


STREST 


Interpolated  material  compression  yield  strength  at  load 
condition  structure  temperature 

Material  temperature  for  library  values  of  conpression 
yield  strength  and  shear  modulus 

Net  shear  normalized  to  room  temperature  reference 

Local  lateral  load  factor  at  vertical  tail  CG 

Wing  and  content  1 g inertia  bending  moment  at  load 
condition 


WD(103)  Total  fuel  at  maximum  design  weight,  lb 

WD(104)  Incremental  fuel  expended  from  maximum  design  weight  to 

basic  flight  design  weight,  lb 

WD(105)  Incremental  payload  expended  form  maximum  design  weight 

to  basic  flight  design  weight,  lb 


WHVLID 


Indicator  for  each  of  the  load  conditions  examined 


Vehicle  CG  at  load  condition 


xcarr 


CG  of  horizontal  tail  and  contents 


XCGVT 


CG  of  vertical  tail  and  contents 


Labeled  Common  Arrays 

XMISC(15)  Wing  structure  material  identification  number 
XMISC(19)  Horizontal  tail  structure  material  identification  number 
XMISC(23)  Vertical  tail  structure  material  identification  number 
Mass  Storage  File  Records 
Records  21,  159-183 


Error  Messages 


- 


SUBROUTINE  WHVNET 


General  Description 

Deck  name : WHVNET 
Entry  name:  WHVNET 
Called  by:  BLCNTL 
Subroutines  called:  None 

This  subroutine  organizes  the  net  loads  envelope  data,  calculates 
normalizing  factors,  and  stores  the  data  for  use  by  the  wing  and  empennage 
weight  estimating  module. 

Since  lifting  surface  evaluation  assumes  that  the  positive  net  shear  and 
bending  moment  are  larger  than  the  negative  loads,  horizontal  tail  airloads 
are  reversed  when  the  net  negative  bending  moment  at  the  root  weight  analysis 
station  is  greater  than  the  net  positive  bending  moment.  When  the  loads  are 
reversed,  an  indicator  is  placed  in  XMISC(42).  When  this  indicator  is  not 
zero,  the  reference  positive  and  negative  load  factors  are  reversed  in  the 
weight  estimating  module  calculations. 

The  routine  uses  the  structure  temperature  associated  with  the  load  con- 
dition which  results  in  the  design  net  positive  bending  moment  at  the  surface 
root  weight  evaluation  station  as  a reference.  This  reference  temperature  is 
used  to  determine  strength  normalizing  factors  for  the  surface  loads 
envelope. 

Arrays  and  Variables  Used 

IDUM  Net  design  load  condition  indicators 

ND  Basic  load  calculation  controls  and  indicators 

RC  Wing  content  normalizing  factors 

RNZ  Load  factor  normalizing  factors 

SAVE  Design  airload  shears  and  bending  moments 

SAVET  Design  airload  torques 

STEMPH  Horizontal  tail  material  compression  yield  strength  at 

load  condition  equilibrium  structure  temperature 

STEMPV  Vertical  tail  material  compression  yield  strength  at  load 

condition  equilibrium  structure  temperature 


STEMPW  Wing  material  compression  yield  strength  at  load  condition 

equilibrium  structure  temperature 

SVF  Ambient  condition,  temperature,  and  structural  component 

material  property  data  array 

S80W  Wing  material  compression  yield  strength  at  80°  F 

TSKINF  Equilibrium  structure  temperature  at  load  conditions 

XNET  Net  design  load  array  normalized  to  room  tenperature 

reference 

Arrays  and  Variables  Calculated 

DIM  Design  airload  shears  and  bending  moments  normalized  to 

reference  design  temperature 

RATIO  Load  factor,  temperature,  and  content  normalizing  factors; 

refer  to  Table  70 

RS  Temperature  normalizing  factors;  refer  to  Table  71 

Scratch  Arrays  and  Variables 

I DBM  Intermediate  storage  for  horizontal  tail  design  bending 

moment  load  condition  number 

IDSH  Intermediate  storage  for  horizontal  tail  design  shear  load 

condition 

IH  Load  condition  number  that  produces  design  positive  bend- 

ing moment  at  horizontal  tail  root  weight  analysis  station 

II  Intermediate  storage  of  design  load  condition  numbers 

IND  Indicator  to  designate  region  in  DUM  array  to  be  cleared 

IV  Load  condition  number  that  produces  design  positive  bending 

moment  at  vertical  tail  root  weight  analysis  station 

IW  Load  condition  nunber  that  produces  design  positive  bending 

moment  at  wing  root  weight  analysis  station 

LI  Scratch  counter 

L2  Scratch  counter 


24C 


N 

RATIOS 

RNZSAV 

RSSAV 

SAVEBM 

SAVESH 

SAVESV 

SAVETW 

STRH 

STRV 

STRW 

THT 

TVT 

TOING 

Labeled  Common 
IP(53) 


Scratch  counter 

Intermediate  storage  of  horizontal  tail  normalizing  factors 

Intermediate  storage  of  horizontal  tail  load  factor 
normalizing  factors 

Intermediate  storage  of  horizontal  tail  temperature 
normalizing  factors 

Intermediate  storage  of  horizontal  tail  airload  bending 
moments 

Intermediate  storage  of  horizontal  tail  airload  shears 

Intermediate  storage  of  horizontal  tail  airload  shears  and 
bending  moments 

Intermediate  storage  of  horizontal  tail  airload  torques 

Horizontal  tail  material  compression  yield  strength  at 
reference  design  temperature 

Vertical  tail  material  compression  yield  strength  at 
reference  design  temperature 

Wing  material  compression  yield  strength  at  reference 
design  temperature 

Horizontal  tail  structure  temperature  (reference  tempera- 
ture) at  load  condition  that  produces  design  positive 
bending  moment  at  root  weight  analysis  station 

Vertical  tail  structure  temperature  (reference  temperature) 
at  load  condition  that  produces  design  positive  bending 
moment  at  root  weight  analysis  station 

Wing  structure  temperature  (reference  temperature)  at  load 
condition  that  produces  design  positive  bending  moment  at 
root  weight  analysis  station 


0 » Print  output  of  design  loads  envelope  and  normalizing 

factors 

1 ■ Do  not  print 
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XMISC(8)  Wing  design  temperature  (.reference  temperature) 

XMISC(9)  Horizontal  tail  design  temperature  (reference  temperature) 

XMISC(IO)  Vertical  tail  design  temperature  (reference  temperature) 

XMISC(15)  Wing  structure  material  identification  number 

XMISC(19)  Horizontal  tail  structure  material  identification  number 

XMISC(23)  Vertical  tail  structure  material  identification  number 

XMISC(42)  Indicator  to  designate  that  horizontal  tail  loads  data 
have  been  reversed 

0 * Loads  have  not  been  reversed 

1 * Loads  have  been  reversed 


Mass  Storage  File  Records 
Records  17  and  32 
Error  Messages 
None 
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TABLE  70.  RATIO  ARRAY  VARIABLES 


Loc 

Description 

1-11 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  positive  shear  for  wing  weight 
analysis  stations  11  to  1 

12-22 

Load  factor  times  temperature  correction  ratio  at 
design  net  negative  shear  for  wing  weight  analysis 
stations  11  to  1 

23-33 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  positive  bending  moment  for 
wing  weight  analysis  stations  11  to  1 

34-44 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  negative  bending  moment  for 
wing  weight  analysis  stations  11  to  1 

45-55 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  positive  shear  for  horizontal 
tail  weight  analysis  stations  11  to  1 

56-66 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  negative  shear  for  horizontal 
tail  weight  analysis  stations  11  to  1 

67-77 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  positive  bending  moment  for 
horizontal  tail  weight  analysis  stations  11  to  1 

78-88 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  negative  bending  moment  for 
horizontal  tail  weight  analysis  stations  11  to  1 

88-99 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  positive  shear  for  vertical 
tail  weight  analysis  stations  11  to  1 

100-110 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  negative  shear  for  vertical 
tail  weight  analysis  stations  11  to  1 
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TABLE  70.  RATIO  ARRAY  VARIABLES  (CONT) 


Loc 

Description 

111-121 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  positive  bending  moment  for 
vertical  tail  weight  analysis  stations  11  to  1 

122-132 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  negative  bending  moment  for 
vertical  tail  weight  analysis  stations  11  to  1 

133-143 

Load  factor  ratio  times  temperature  correction 
ratio  times  content  ratio  at  design  net  positive 
shear  for  wing  weight  analysis  stations  11  to  1 

144-154 

Load  factor  ratio  times  temperature  correction 
ratio  times  content  ratio  at  design  net  negative 
shear  for  wing  weight  analysis  stations  11  to  1 

155-165 

Load  factor  ratio  times  temperature  correction 
ratio  times  content  ratio  at  design  net  positive 
bending  moment  for  wing  weight  analysis  sta- 
tions 11  to  1 

166-176 

Load  factor  ratio  times  temperature,  correction 
ratio  times  content  ratio  at  design  net  negative 
bending  moment  for  wing  weight  analysis  sta- 
tions 11  to  1 

177-187 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  torque  associated  with  posi- 
tive bending  moment  for  wing  weight  analysis 
stations  11  to  1 

188-198 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  torque  associated  with  nega- 
tive bending  moment  for  wing  weight  analysis 
stations  11  to  1 

199-209 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  torque  associated  with  posi- 
tive bending  moment  for  horizontal  tail  weight 
analysis  stations  11  to  1 
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TABLE  70.  RATIO  AR  vAY  VARIABI TS  (CONCL) 


Loc  Description 


210-220  Load  factor  ratio  times  temperature  correction 

ratio  at  design  net  torque  associated  with  nega- 
tive bending  moment  for  -horizontal  tail  weight 
analysis  stations  11  to  1 


221-231 


232-242 


243-254 


254-264 


Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  torque  associated  with  posi- 
tive bending  moment  for  vertical  tail  weight 
analysis  stations  11  to  1 

Load  factor  ratio  times  temperature  correction 
ratio  at  design  net  torque  associated  with  nega- 
tive bending  moment  for  vertical  tail  weight 
analysis  stations  11  to  1 

Load  factor  ratio  times  temperature  correction 
ratio  times  content  ratio  at  design  net  torque 
associated  with  positive  bending  moment  for  wing 
weight  analysis  stations  11  to  1 

Load  factor  ratio  times  temperature  correction 
ratio  times  content  ratio  at  design  net  torque 
associated  with  negative  bending  moment  for  wing 
weight  analysis  stations  11  to  1 


TABLE  71.  RS  ARRAY  VARIABLES 


Loc 

Description 

1-11 

Temperature  correction  ratio  at  positive  design 
shear  for  wing  weight  analysis  stations  11  to  1 

12-22 

Temperature  correction  ratio  at  negative  design 
shear  for  wing  weight  analysis  stations  11  to  1 

23-33 

Temperature  correction  ratio  at  positive  design 
bending  moment  for  wing  weight  analysis  sta- 
tions 11  to  1 

34-44 

Temperature  correction  ratio  at  negative  design 
bending  moment  for  wing  weight  analysis  sta- 
tions 11  to  1 

45-55 

Temperature  correction  ratio  at  positive  design 
shear  for  horizontal  tail  weight  analysis  sta- 
tions 11  to  1 

56-66 

Temperature  correction  ratio  at  negative  design 
shear  for  horizontal  tail  weight  analysis  sta- 
tions 11  to  1 

67-77 

Temperature  correction  ratio  at  positive  design 
bending  moment  for  horizontal  tail  weight  analy- 
sis stations  11  to  1 

78-88 

Temperature  correction  ratio  at  negative  design 
bending  moment  for  horizontal  tail  weight  analy- 
sis stations  11  to  1 

89-99 

Temperature  correction  ratio  at  positive  design 
shear  for  vertical  tail  weight  analysis  sta- 
tions 11  to  1 

100-110 

Temperature  correction  ratio  at  negative  design 
shear  for  vertical  tail  weight  analysis  sta- 
tions 11  to  1 

Loc 


Description 


111-121 


Temperature  correction  ratio  at  positive  design 
bending  moment  for  vertical  tail  weight  analysis 
stations  11  to  1 


122-132 


Temperature  correction  ratio  at  negative  design 
bending  moment  for  vertical  tail  weight  analysis 
stations  11  to  1 


SUBROUTINE  FUSNET 


General  Description 

Deck  name:  FUSNET 

Entry  name:  FUSNET 

Called  by:  BLCNTL 

Subroutines  called:  None 

This  subroutine  is  called  for  each  of  the  flight  conditions  and  for  the 
2 g taxi  condition  to  organize  the  airload  data  required  by  the  fuselage 
weight  estimation  module.  The  reorganized  data  is  stored  in  mass  storage  file 
record  33  after  the  completion  of  all  load  condition  calculations. 

Arrays  and  Variables  Used 

BB  Vehicle  design  criteria  and  center-of-pressure  data  at  load 

condition 

BC  Vehicle  design  data 

BO  Component  airloads,  centers  of  pressure,  and  vehicle  load 

factor  and  accelerations 

ND  Basic  load  condition  calculation  controls 

SVF  Ambient  condition,  temperature,  and  structural  component 

material  property  data  array. 

TSKINF  Equilibrium  structure  temperature  at  load  conditions 

I Load  condition  number  counter 

Arrays  and  Variables  Calculated 

FUS  Vehicle  load,  centers  of  pressure,  load  factor,  accelera- 

tions, and  structure  temperature  array  (refer  to  Table  72). 

Scratch  Arrays  and  Variables 

J Scratch  counter 

K Scratch  counter 

KK  Scratch  counter 

N Scratch  counter 
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Labeled  Common  Arrays 


XMISC(35)  Vehicle  sink  speed  at  landing  condition  (1=9) 
XMISC(36)  Main  landing  gear  stroke 
XMISC(37)  Ratio  of  ultimate  to  limit  loads 
XMISC(38)  Taxi  load  factor  (2.0  g)  at  taxi  condition  (1=24) 
Mass  Storage  File  Records 
Record  33 
Error  Messages 
None 
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TABLE  72.  FUS  ARRAY  VARIABLES 


Location 

Description 

1 

Load  condition  input  data  indicator  (LDT) : 

* 0.0  or  blank  if  condition  is  not  investigated 

* 2.0  if  condition  is  to  be  evaluated  and  locations 

* 2 through  28  are  defined 

2 

Load  condition  type  indicator  (LDC) 

1.0  - balanced  flight  with  flaps  up 

2.0  - balanced  flight  with  flaps  down 

3.0  - two-wheeled  landing 

4.0  - vertical  gust 

5.0  - lateral  gust 

6.0  - pitching  acceleration 

7.0  - yawing  acceleration 

8.0  - taxi 

3-4 

Not  used 

5 

Temperature 

6 

Factor  to  convert  limit  load  to  ultimate  load. 

7 

Vertical  load  factor 

8 

Lateral  load  factor 

9 

Wing  leading  edge  apex  at  centerline  of  fuselage 

10 

Pitching  acceleration 

11 

Yawing  acceleration 

12 

Vehicle  sink  speed 

13 

Landing  gear  stroke 

14 

Vehicle  velocity 
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TABLE  72.  FUS  ARRAY  VARIABLES  (CONT) 


Location 

Description 

15 

Altitude 

16 

Forebody  limit  lift 

17 

Center  of  pressure  of  forebody  lift  - longitudinal 
station 

18 

Wing  carryover  limit  lift 

19 

Center  of  pressure  of  carryover  lift  - longitudinal 
station 

20 

Wing  outer  panel  limit  lift 

21 

Center  of  pressure  of  wing  lift  - longitudinal 
station 

22 

Center  of  pressure  of  wing  lift  - lateral  station 

23 

Horizontal  tail  limit  lift 

24 

Center  of  pressure  of  horizontal  tail  lift  - 
longitudinal  station 

25 

Center  of  pressure  of  horizontal  tail  lift  - lateral 
station 

26 

Vertical  tail  limit  lift 

27 

Center  of  pressure  of  vertical  tail  lift  - 
longitudinal  station 

28 

Center  of  pressure  of  vertical  tail  lift  - lateral 
station 

29-56 

Load  data  for  condition  2.  Data  are  organized  in  the 
same  sequence  as  noted  for  locations  1 through  28 

57-84 

Load  data  for  condition  3 
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Location 


Description 


85-112 

Load  data  for  condition  4 

113-140 

Load  data  for  condition  5 

141-188 

Load  data  for  condition  6 

169-196 

Load  data  for  condition  7 

197-224 

Load  data  for  condition  8 

225-252 

Load  data  for  condition  9 

253-280 

Load  data  for  condition  10 

281-308 

Load  data  for  condition  11 

309-336 

Load  data  for  condition  12 

337-364 

Load  data  for  condition  13 

365-392 

Load  data  for  condition  14 

393-420 

Load  data  for  condition  15 

421-448 

Load  data  for  condition  16 

449-476 

Load  data  for  condition  17 

477-504 

Load  data  for  condition  18 

505-532 

Load  data  for  condition  19 

533-560 

Load  data  for  condition  20 

561-588 

Load  data  for  condition  21 

589-616 

Load  data  for  condition  22 

617-644 

Load  data  for  condition  23 

645-672 

Load  data  for  condition  24 

SUBROUTINE  FATMG 


General  Description 


Deck  name : FATMG 

Entry  name : FATMG 

Called  by:  BLCNTL 

Subroutines  called:  USPAN,  ATMOS 

Function  routines  called:  CODIM2,  FCODM2 

This  subroutine  calculates  bending  moment  spectra  at  a wing  side  of  body 
station  (unswept)  and  at  an  outboard  swept  span  station.  Maneuver  and  gust 
spectra  are  calculated  for  eight  flight  segments.  Two  taxi  segments  and  a 
ground-air-ground  segment  are  also  calculated.  Methods  described  in  Sec- 
tion II  of  this  report  are  used  to  calculate  spectra  data. 

For  the  eight  flight  segments,  this  routine: 

1.  Uses  the  appropriate  blocked  mission  segment  tables  (DS  array)  to 
obtain  vehicle  weight,  altitude,  and  Mach  number. 

2.  Calls  USPAN  to  obtain  the  spanwise  loading  distribution  and  unit 
unswept  bending  moment  at  the  side  of  body  station. 

3.  Calls  C0DIM2  to  interpolate  spanwise  loading  distribution  for  the 
swept  unit  bending  moment  at  the  outboard  wing  station. 

4.  Calls  C0DIM2  to  interpolate  inertia  data  (BC  array)  for  the 
appropriate  inertia  bending  moments  at  the  two  wing  stations. 

5.  Calculates  maneuver  exceedences  by  using  table  data  (DE  array). 

6.  Calls  ATMOS  to  obtain  air  density  and  speed  of  sound  at  spectra 
segment  average  altitude. 

7.  Calls  C0DIM2  to  interpolate  DG  array  tables  for  turbulence  field 
parameters . 

8.  Calls  FC0DM2  to  interpolate  DR  array  tables  for  gust  response 
factors . 

9.  Calculates  1 g bending  moments,  spectra  bending  moments,  gust 
exceedances,  and  maneuver  exceedances. 
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Taxi  spectra,  segments  No.  9 and  10,  are  calculated  at  the  designated 
vehicle  taxi  and  landing  weights.  Taxi  load  factor  table  data  (DI  array)  and 
inertia  data  (BC  array)  are  used  to  calculate  exceedances  and  bending  moments. 

Segment  No.  11  is  the  ground -air- ground  spectra.  Airload  bending 
moments  are  obtained  from  the  first  flight  segments.  The  flight  moments  are 
calculated  for  a load  factor  which  is  half  of  the  maximum  vehicle  maneuver 
load  factor.  Ground  moments  are  calculated  for  1.2  g taxi 

Calculated  spectra  data  are  stored  in  the  BO  and  BMAN  arrays.  This 
datum  is  subsequently  transferred  to  the  DUWY  array  which  is  written  on  mass 
storage  file  record  35  for  use  by  the  fatigue  module. 

Arrays  and  Variables  Used 


BC 

Vehicle  design  data  and  wing  inertia  bending  moments  at 
evaluation  stations 

fatigue 

BU 

Unit  spanwise  loading,  lift  curve  slope,  and  centers  of 
data 

pressure 

DE 

Permanent  file  maneuver  load  factor  spectra  tables 

DG 

Permanent  file  turbulence  field  parameters 

DI 

Permanent  file  taxi  load  factor  spectra  tables 

DR 

Permanent  file  gust  response  factors 

DS 

Blocked  mission  segment  tables 

NA 

Air  vehicle  category  indicator 

1 * fighter 

2 « attack 

3 ■ tactical  bomber 

4 = strategic  bomber 

5 * cargo  assault 

6 = cargo  transport 

ND  Basic  loads  calculation  controls  and  indicators 
Arrays  and  Variables  Calculated 


BB  Vehicle  design  criteria  at  mission  segment 

NF  Load  distribution  calculation  control 
1 - wing  only,  flaps  up 
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Scratch  Arrays  and  Variables 


BD  Refer  to  Table  73 

BMAN  Maneuver  exceedences,  refer  to  Table  76 
BO  Spectra  bending  moments  and  exceedences,  refer  to  Table  75 

BS  Refer  to  Table  74 

DUMMY  Refer  to  Tables  75  and  76 


I 

Scratch 

counter 

J 

Scratch 

counter 

K 

Scratch 

counter 

L 

Scratch 

counter 

LIMIT 

Scratch 

counter 

LI 

Scratch 

counter 

L2 

Scratch 

counter 

M 

Scratch 

counter 

N 

Scratch 

counter 

NG 

Scratch 

counter 

NN 

Scratch 

counter 

NS 

Spectra 

segment  number  counter 

NY 

Blocked 

mission  segment  type  indicator 

Labeled  Common  Arrays 

IQ (55)  1 * Print  output  of  wing  bending  moment  spectra  data 

0 ■ Do  not  print 

Mass  Storage  File  Records 

Records  5-9,  35 

Error  Messages 

None 
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TABLE  73.  BD  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG 


Loc 

Engrg 

Symbol 

Description 

1 

Maneuver  exceedences  for  spectra  load  factor  1 

• 

To 

20 

Maneuver  exceedences  for  spectra  load  factor  20 

21 

Taxi  spectra  load  factor  1 

• 

To 

40 

Taxi  spectra  load  factor  20 

41 

-ANg/AB^ 

Exponent  for  gust  exceedence  calculation 

42 

-an2/as2 

Exponent  for  gust  exceedence  calculation 

43 

Mx/Nz 

Net  unswept  bending  moment  per  g at  wing  side  of  body 
station  for  flight  segment 

44 

VNz 

Net  swept  bending  moment  per  g at  wing  outboard  station 
for  flight  segment 

45 

Unswept  inertia  bending  moment  per  g at  wing  side  of 
body  station  for  flight  portion  of  ground -air -ground 
segment 

46 

Swept  inertia  bending  moment  per  g at  wing  outboard 
station  for  flight  portion  of  ground-air-ground  segment 

47 

VWOF 

Landing  weight  to  taxi  weight  ratio 

48 

IKswept  inertia  bending  moment  per  g at  wing  side  of 
body  station  for  taxi  at  landing  weight 

49 

Swept  inertia  bending  moment  per  g at  wing  outboard 
station  for  taxi  at  landing  weight 

50 

Half  of  maximum  vehicle  maneuver  load  factor 
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TABLE  73.  BD  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG  (CONT) 


Loc 

Engrg 

Symbol 

Description 

51 

Unswept  inertia  bending  moment  per  g at  wing  side  of 
body  station  for  taxi  at  taxi  weight 

52 

Swept  inertia  bending  moment  per  g at  wing  outboard 
station  for  taxi  at  taxi  weight 

53 

Not  used 

• 

To 

56 

Not  used 

57 

W 

s 

Vehicle  weight  at  flight  segment  1 

• 

• 

To 

64 

W 

s 

Vehicle  weight  at  flight  segment  8 

65 

ts 

Vehicle  time  at  flight  segment  1,  hr 

• 

• 

•To 

72 

ts 

Vehicle  time  at  flight  segment  8,  hr 

73 

NZ1 

Maneuver  load  factor  at  flight  spectra  point  1 

• 

• 

To 

92 

NZ20 

Maneuver  load  factor  at  flight  spectra  point  20 

93 

;Nzgi 

Incremental  gust  load  factor  at  flight  spectra  point  1 

• 

• 

To 

112 

AN 

ZG20 

Incremental  gust  load  factor  at  flight  spectra  point  20 

113 

Segment  type  for  flight  segment  1 

• 

To 

120 

Segment  type  for  flight  segment  8 
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TABLE  73.  BD  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG  (CONCL) 


Loc 

Engrg 

Symbol 

Description 

121 

Average  mach  number  for  flight  segment  1 

• 

To 

128 

Average  mach  number  for  flight  segment  8 

129 

Average  altitude  for  flight  segment  1 

• 

To 

136 

Average  altitude  for  flight  segment  8 

137 

Wing  sweep  position  indicate  for  flight  segment  1 

• 

To 

144 

Wing  sweep  position  indicator  for  flight  segment  8 

145 

Vehicle  weight  fraction  for  flight  segment  1 

• 

To 

152 

Vehicle  weight  fraction  for  flight  segment  8 

153 

Life  fraction  for  flight  segment  1 

• 

To 

160 

Life  fraction  for  flight  segment  8 
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TABLE  74.  BS  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG 


Loc 

Engrg 

Symbol 

Description 

1 

n 

Fraction  of  semispan  at  outboard  wing  fatigue  evaluation 
station 

2 

Not  used 

3 

“"W 

Unswept  unit  airload  bending  moment  at  wing  side  of  body 
station  for  flight  segment 

4 

Swept  unit  airload  bending  moment  at  wing  outboard  sta- 
tion for  flight  segment 

5 

Unswept  inertia  bending  moment  per  g at  wing  side  of 
body  station  for  flight  segment 

6 

Swept  inertia  bending  moment  per  g at  wing  outboard 
station  for  flight  segment 

7 

P 

Density  of  air  at  spectra  segment  average  altitude, 
slugs/ft3 

8 

PH 

Ambient  pressure  at  spectra  segment  average  altitude, 
psi 

8 

VT 

True  vehicle  air  speed  for  spectra  segment 

9 

CS 

Speed  of  sound  at  spectra  segment  average  altitude 

10 

P 

Vehicle  mass  ratio  for  spectra  segment 

11 

P1 

Turbulence  field  parameter 

12 

b/2 

Wing  semispan  from  subroutine  USPAN 

12 

Bi 

Turbulence  field  parameter,  ft/sec 

13 

P2 

Turbulence  field  parameter 

14 

B2 

Turbulence  field  parameter,  ft/sec 

15 

L 

Scale  of  turbulence,  ft 

16 

C/L 

Average  wing  chord  to  scale  of  turbulence  ratio 

TABLE  74.  BS  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG  (CONCL) 


Loc 

Engrg 

Symbol 

17 

KV 

18 

A 

19 

N 

o 

20 

nexg 

Description 


Gust  response  factor 


Average  number  of  cycles  of  load  factor  per  second 
Gust  exceedences  of  incremental  gust  load  factor 


TABLE  75.  BO  AND  DUM4Y  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG 


BO 

Loc 

DUNMY 

Loc 

Description 

1 

- 

Mission  segment  No.  1 (flight  segment)  indicator  *1.0 

2 

1 

Net  bending  moment  at  side  of  fuselage  for  load 
factor  1,  segment  1 

3 

2 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  1,  segment  1 

4 

3 

Gust  exceedences  for  load  factor  1,  segment  1 

• 

• 

To 

59 

58 

Net  bending  moment  at  side  of  fuselage  for  load 
factor  20,  segment  1 

60 

59 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  20,  segment  1 

61 

60 

Gust  exceedences  for  load  factor  20,  segment  1 

62 

- 

Mission  segment  number  2 (flight  segment)  indicator  =2.0 

63 

61 

Net  bending  moment  at  side  of  fuselage  for  load  factor  1, 
segment  2 

64 

62 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  1,  segment  2 

65 

63 

Gust  exceedences  for  load  factor  1,  segment  2 

• 

• 

To 

120 

118 

Net  bending  moment  at  side  of  fuselage  for  load  fac- 
tor 20,  segment  2 

121 

119 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  20,  segment  2 

122 

120 

Gust  exceedences  for  load  factor  20,  segment  2 
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lABLli  75.  BO  AND  DUNMY  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG  (CONT) 


BO 

Loc 

DUMW 

Loc 

Description 

125 

- 

Mission  segment  number  (flight  segment)  indicator  =3.0 

124 

121 

i 

Net  bending  moment  at  side  of  fuselage  for  load  factor  1, 
segment  3 

125 

122 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  1,  segment  3 

126 

123 

Gust  exceedences  for  load  factor  1,  segment  3 

• 

• 

To 

181 

178 

Net  bending  moment  at  side  of  fuselage  for  load  fac- 
tor 20,  segment  3 

182 

179 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  20,  segment  3 

183 

180 

Gust  exceedences  for  load  factor  20,  segment  3 

184 

Mission  segment  number  4 (flight  segment) 
indicator  =4.0 

185 

181 

Net  bending  moment  at  side  of  fuselage  for  load  factor  1, 
segment  4 

186 

182 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  1,  segment  4 

187 

183 

Gust  exceedences  for  load  factor  1,  segment  4 

• 

• 

To  ! 

242 

238 

Net  bending  moment  at  side  of  fuselage  for  load  fac- 
tor 20,  segment  4 

243 

239 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  20,  segment  4 

244 

240 

Gust  exceedences  for  load  factor  20,  segment  4 
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TABLE  75.  BO  AND  DUNWY  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG  (CONT) 


BO 

Loc 

1 DUWY 
Loc 

Description 

245 

- 

Mission  segment  number  5 (flight  segment) 
indicator  - 5.0 

?46 

241 

Net  bending  moment  at  side  of  fuselage  for  load  factor  1, 
segment  5 

247 

242 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  1,  segment  5 

248 

243 

Gust  exceedences  for  load  factor  1,  segment  5 

• 

• 

To 

303 

298 

Net  bending  moment  at  side  of  fuselage  for  load  fac- 
tor 20,  segment  5 

304 

299 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  20,  segment  5 

305 

300 

Gust  exceedences  for  load  factor  20,  segment  5 

306 

- 

Mission  segment  number  6 (flight  segment) 
indicator  * 6.0 

307 

301 

Net  bending  moment  at  side  of  fuselage  for  load  factor  1, 
segment  6 

308 

302 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  1,  segment  6 

309 

303 

Gust  exceedences  for  load  factor  1,  segment  6 

• 

• 

To 

364 

358 

Net  bending  moment  at  side  of  fuselage  for  load 
factor  20,  segment  6 

365 

359  i 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  20,  segment  6 

366 

360 

Gust  exceedences  for  load  factor  20,  segment  6 
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TABLE  75.  BO  AND  DUNWY  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG  (CONT) 


BO 

Loc 

DUNWY 

Loc 

Description 

367 

- 

Mission  segment  number  7 (flight  segment) 
indicator  s 7.0 

368 

361 

Net  bending  moment  at  side  of  fuselage  for  load  factor  1, 
segment  7 

369 

362 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  1,  segment  7 

370 

363 

Gust  exceedences  for  load  factor  1,  segment  7 

• 

To 

425 

418 

Net  bending  moment  at  side  of  fuselage  for  load  fac- 
tor 20,  segment  7 

426 

419 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  20,  segment  7 

427 

420 

Gust  exceedences  for  load  factor  20,  segment  7 

428 

- 

Mission  segment  number  8 (flight  segment) 

indicator  - 8.0  , 

429 

421 

Net  bending  moment  at  side  of  fuselage  for  load 
factor  1,  segment  8 

430 

422 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  1,  segment  8 

431 

423 

Gust  exceedences  for  load  factor  1,  segment  8 

• 

• 

To 

486 

478 

Net  bending  moment  at  side  of  fuselage  for  load 
factor  20,  segment  8 

487 

479 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  20,  segment  8 

488 

480 

Gust  exceedences  for  load  factor  20,  segment  8 
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TABLE  75.  BO  AND  DUMW  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG  (CONT) 


BO 

Loc 

DUNMY 

Loc 

Description 

489 

- 

Spectra  segment  number  9 (taxi)  indicator  ■ 9.0 

490 

481 

Net  bending  moment  at  side  of  fuselage  for  load 
factor  1,  segment  9 

491 

482 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  1,  segment  9 

492 

483 

Exceedences  for  load  factor  1,  segment  9 

• 

• 

To 

547 

538 

Net  bending  moment  at  side  of  fuselage  for  load 
factor  20,  segment  9 

548 

539 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  20,  segment  9 

549 

540 

Exceedences  for  load  factor  20,  segment  9 

550 

•- 

Spectra  segment  number  10  (taxi)  indicator  * 10.0 

551 

541 

Net  bending  moment  at  side  of  fuselage  for  load 
factor  1,  segment  10 

552 

542 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  1,  segment  10 

553 

543 

Exceedences  for  load  factor  1,  segment  10 

i • 

• 

To 

608 

598 

Net  bending  moment  at  side  of  fuselage  for  load 
factor  20,  segment  10 

609 

599 

Net  swept  bending  moment  at  outboard  wing  station  for 
load  factor  20,  segment  10 

610 

600 

Exceedences  for  load  factor  20,  segment  10 
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TABLE  75.  BO  AND  DUWY  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG  (CONT) 


BO 

Loc 

DUNWY 

Loc 

Description 

611 

- 

Spectrum  segment  11  Indicator  =11.0 
(ground  air  ground  segment) 

612 

601 

Net  bending  moment  at  side  of  fuselage  for  half  of 
maximum  flight  maneuver  load  factor 

613 

602 

Net  swept  bending  moment  at  outboard  wing  station  for 
half  of  maximum  flight  maneuver  load  factor 

614 

603 

Number  of  occurrences  of  air  cycles 

615 

604 

Net  bending  moment  at  side  of  fuselage  for  1.2  g taxi 

616 

605 

Net  swept  bending  moment  at  outboard  wing  station  for 
1.2  g taxi 

617 

606 

Number  of  occurrences  of  taxi  cycles 

618 

- 

Not  used 

620 

- 

Not  used 

NOTE 

BO  locations  560  to  615  are  used  to  store  weight,  time,  and  load 
factor  data  for  the  eight  flight  segments.  These  data  are 
transferred  to  the  BD  array  after  completion  of  flight  segments. 

560 

Vehicle  weight  at  flight  segment  1 

• 

To 

567 

Vehicle  weight  at  flight  segment  8 

568 

Vehicle  time  at  flight  segment  1 

• 

To 

575 

Vehicle  time  at  flight  segment  8 
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TABLE  75.  BO  AND  DUMMY  ARRAY  VARIABLES  IN  SUBROUTINE  FATMG  (CONCL) 


BO  DUNMY 

Loc  Loc 


Description 


Maneuver  load  factor  at  flight  spectra  point  1 


Maneuver  load  factor  at  flight  spectra  point  20 
Incremental  gust  load  factor  at  flight  spectra  point  1 


Incremental  gust  load  factor  at  flight  spectra  point  20 


BMAN 

Loc 


DIM1Y 

Loc 


Spectra 

Segment 


Description 


1 

627 

1 

Maneuver  exceedances  for  load  factor  1 

• 

• 

To 

20 

646 

1 

Maneuver  exceedances  for  load  factor  20 

21 

647 

2 

Maneuver  exceedances  for  load  factor  1 

• 

• 

To 

40 

666 

2 ' 

Maneuver  exceedances  for  load  factor  20 

41 

667 

3 

Maneuver  exceedances  for  load  factor  1 

• 

• 

To 

60 

686 

3 

Maneuver  exceedances  for  load  factor  20 

61 

687 

4 

Maneuver  exceedances  for  load  factor  1 

• 

• 

To 

80 

706 

4 

Maneuver  exceedances  for  load  factor  20 

81 

707 

5 

Maneuver  exceedances  for  load  factor  1 

• 

• 

To 

100 

726 

5 

Maneuver  exceedances  for  load  factor  20 

101 

727 

6 

Maneuver  exceedances  for  load  factor  1 

• 

• 

To 

120 

746 

6 

Maneuver  exceedances  for  load  factor  20 

121 

747 

7 

Maneuver  exceedances  for  load  factor  1 

• 

• 

To 

140 


766 


Maneuver  exceedances  for  load  factor  20 


BMAN 

Loc 

DUW1Y 

Loc 

Spectra 

Segment 

Description 

14  i 

767 

8 

Maneuver  exceedances  for  load  factor  1 

• 

• 

To 

160 

786 

8 

Maneuver  exceedances  for  load  factor  20 

161 

787 

9 

Maneuver  exceedances  for  load  factor  1 

• 

• 

To 

180 

806 

9 

Maneuver  exceedances  for  load  factor  20 

181 

807 

10 

Maneuver  exceedances  for  load  factor  1 

» 

• 

• 

To 

200 

826 

10 

Maneuver  exceedances  for  load  factor  20 

201 

607 

1 

Net  bending  moment  at  side  of  fuselage  at  1 g 

• 

• 

To 

210 

616 

10 

Net  bending  moment  at  side  of  fuselage  at  1 g 

211 

617 

1 

Net  swept  bending  moment  at  outboard  wing 
station  at  1 g 

• 

• 

To 

220 

626 

10 

Net  swept  bending  moment  at  outboard  wing 
station  at  1 g 

- 

827 

Not  used 

830 

Not  used 

SUBROUTINE  ATM3S 


General  Description 


Deck  name:  ATMOS 

Entry  name:  ATMOS  (H,  RHOH,  PH,  AH) 

Called  by:  BNLDS,  FATMG 
Subroutines  called:  None 

This  subroutine  is  used  to  determine  the  standard  atmospheric  density, 
ambient  pressure,  and  speed  of  sound  for  a given  altitude.  The  approach  con- 
sists of  equation  approximations  of  properties  for  different  altitude  ranges 
from  sea  level  to  249,000  feet. 

Arrays  and  Variables  Used 


H 

Given  altitude,  ft 

Arrays  and  Variables  Calculated 

AH 

2 

Speed  of  sound  at  altitude,  ft/sec 

PH 

Ambient  pressure  at  altitude,  psi 

RHOH 

3 

Atmospheric  density  at  altitude,  sxugs/ft 

Scratch  Arrays 

and  Variables 

GB 

Constant  dependent  on  altitude  range 

GH 

Intermediate  calculation 

OG 

2 

Acceleration  of  gravity  at  sea  level,  32.17409  ft/sec 

PBASE 

Ambient  pressure  at  lower  altitude  of  equation  limits,  psi 

PO 

Ambient  pressure  at  sea  level,  14.69595  psi 

RE 

Constant,  20855531.0 

RHOO 

Atmospheric  density  at  sea  level,  0.0023769199  slug/ft^ 

RO 

Constant,  1716.4827 

TMB 

Ambient  temperature  at  lower  altitude  of  equation  limits, 
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TMDH  Temperature  variation  with  altitude,  °R/ft 

TNH  Ambient  temperature  at  given  altitude,  °R 

TMD  Ambient  temperature  at  sea  level,  518.688°R 

YP  Intermediate  calculation 

Labeled  Common  Arrays 
None 

Mass  Storage  Files 
None 

Error  Messages 


None 


FUNCTION  CODIM2 


General  Description 


Deck  name : C0DIM2 

Entiy  name:  C0DIM2  (X,  XI,  YI,  N,  XK) 

Called  by:  USPAN,  BNLDS,  FATMG,  FC0EM2 

Subroutines  called:  None 

Function  routine  C0DIM2  is  an  interpolation  routine  for  the  determination 
of  a point  on  a single  curve.  For  a given  interval,  a parabola  from  the  left 
and  a parabola  from  the  right  are  calculated.  The  ordinate  of  each  parabola 
at  a given  point,  X,  is  weighted  both  with  respect  to  a straight  line  and  a 
closeness  factor  such  that  the  desired  function  lies  within  the  two  parabolas. 

Should  given  point,  X,  fall  outside  the  range  of  abscissa  values,  XI, 
the  desired  function  is  obtained  by  straight  line  extrapolation  using  the  two 
nearest  end  points. 

Should  given  point,  X,  fall  within  the  first  or  last  interval,  the 
desired  function  is  determined  according  to  the  end  interval  interpolation 
control  constant,  XK. 

XK  - 0.0  straight  line  interpolation 

XK  = 1.0  full  parabolic  interpolation 

0.0  < XK  <1.0  ratio  between  straight  line  and  parabolic  interpolation 
Arrays  and  Variables  Used 


N Number  of  given  points  describing  the  curve 

X Independent  variable,  abscissa  argument 

XI  Array  of  N abscissa  values 

XK  End  interval  interpolation  constant 

YI  Array  of  N ordinate  values 

Arrays  and  Variables  Calculated 

None,  desired  ordinate  returned  to  equation  where  the  function  was  used. 
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Scratch  Arrays  and  Variables 


Variables  are  stored  in  the  program  region  and  are  primarily  used  for 
intermediate  calculations.  Pertinent  scratch  variables  are  as  follows: 


BT  Weighting  factor  with  respect  to  straight  line  and  parabolas 
J Abscissa  argument  location  in  XI  array 

JJ  Interval  location  indicator 

1 = abscissa  argument  within  first  interval 

2 = abscissa  argument  within  last  interval 

3 = abscissa  argument  within  intermediate  interval 

PI  Ordinate  value  obtained  from  left  parabola 

P2  Ordinate  value  obtained  from  right  parabola 

S Ordinate  value  obtained  from  linear  interpolation 

Labeled  Common  Arrays 


None 

Mass  Storage  File  Records 


None 

Error  Messages 


None 


FUNCTION  FCODM2 


General  Description 


Deck  name : FCODM2 

Entry  name:  FC0DM2(X,Y,XI,YI,ZI,N1,N2,XK) 

Called  by:  USPAN,  FATMG 

Subroutines  called:  None 
Function  routines  called:  C0DIM2 

Function  routine  FC0DM2  is  an  interpolation  routine  for  the  determination 
of  a point  from  sets  or  families  of  curves.  The  desired  dependent  variable 
is  computed  by  repeated  application  of  the  function  routine  C0DIM2  for  a 
single  set  of  points. 

Arrays  and  Variables  Used 


N1  Number  of  curves,  YI  values 

N2  Number  of  abscissa  points  describing  each  curve,  XI  values 

X First  independent  variable,  abscissa  argument 

XK  End  interval  interpolation  control  constant 

XK  = 0.0  straight  line  interpolation 

XK  = 1.0  full  parabolic  interpolation 

0.0  XK  1.0  ratio  between  straight  line  and  parabolic 
interpolation 

XI  Array  of  N2  abscissa  values 

Y Second  independent  variable,  curve  argument 
YI  Array  of  N1  curve  values 
ZI  Array  of  the  dependent  ordinate  values 
Arrays  and  Variables  Calculated 


None,  desired  ordinate  value  returned  to  equation  where  the  function  was 

used 
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Scratch  Arrays  and  Variables 
I Scratch  counter 

K Scratch  counter 

L Scratch  counter 

S3  Curve  value  counter 

N4  Number  of  curve  interpolations  on  first  independent  variables 

T Interpolated  values  of  dependent  variable  for  first  independent 
variable,  X,  which  form  the  ordinates  for  the  cross-plot. 

YX  Array  of  YI  which  form  the  abscissa  for  the  cross -plot 

Labeled  Common  Arrays 

None 

* 

Mass  Storage  File  Records 
None 

L-rror  Messages 
None 
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